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1 . ERGOT AND SMUT STAFF 
R.J. W i l l i a m s  : Sub-program Leader 
R.P. Thakur : P r o j e c t s  S c i e n t i s t  
V.P. Rao : T e c h n i c a l  A s s i s t a n t  (E rgo t )  
K.V. Subba Rao : TechnicaL A s s i s t a n t  (Smut) 
P. Anantha Rao : F i e l d  A s s i s t a n t  
Md. Azeez : F i e l d  A s s i s t a n t  
N.K. Ganapathy : C L e r k / T y p i s t  
T a h i r  A l i  Khan : Dr i ve r -Genera l  A s s i s t a n t  I1 
S.K. Moh iudd in  : Dr i ve r -Genera l  A s s i s t a n t  I 
K. Anand Kumar : M i l l e t  B reede r  ( u n t i l  March 82) 
B.S. Ta lukda r  : M i l l e t  b r e e d e r  
S.B. Chavan : M i l l e t  b r e e d e r  
P. S ingh  : M i l l e t  b r e e d e r  
This repor t  summarises the research uork done on ergot ( C l q y i k g ~ z  
fus i f o rm is  Lov.) and smut ( IpWygpzgp l jy~  g g ~ j c j l c s l j p g  Bref  .) diseases ----------
of p e a r l  m i l l e t  (Pypnjqeftm g j g ~ j c ~ g g ~  (L.) Leeke) from June 1981 t o  
December 1982. For each disease the a c t i v i t i e s  were d iv ided i n t o  - 
Biology and epidemiology; Resistance i d e n t i f i c a t i o n ,  development and 
u t i l i z a t i o n ;  and dev i s i ng  a l t e r n a t i v e  disease con t ro l  methods. The 
major e f f o r t s ,  however, cont inued t o  be on res is tance i d e n t i f i c a t i o n  
and development w i t h  more a t t e n t i o n  on u t i l i z a t i o n  of resistance i n  
cooperat ion w i t h  our breeding colleagues. M u l t i l o c a t i o n a l  t e s t i n g  of 
r e s i s t a n t  Lines through the I n t e r n a t i o n a l  Pear l  N i l l e t  Ergot Nursery 
(IPMEN) and the I n t e r n a t i o n a l  Pear l  M i l l e t  Smut Nursery (IPMSN) was 
cont inued and repo r t s  o f  these were published. 
With the development o f  an e f f e c t i v e  f i e l d  screening technique 
f o r  smut res is tance the major smut screening uork was s h i f t e d  from 
Hissar t o  ICRISAT Center dur ing  the 1981 ra iny  season. L ike  ergot 
screening, w i t h  the  p rov i s i on  of s p r i n k l e r  i r r i g a t i o n ,  smut screening 
has been done successfulLy du r i ng  the ra iny  and post - ra iny  seasons a t  
ICRISAT Center. Hissar, however, cont inued t o  remain one of the 
important t e s t i n g  l oca t i ons  f o r  lPPlSN and o ther  promising entr ies,  and 
f o r  eva lua t i on  of agronomic t r a i t s  and y i e l d  po ten t i a l .  
Dur ing the past 6 years o f  m u l t i l o c a t i o n a l  test ing,  Aurangabad 
has prov ided cons i s ten t l y  t he  maximum n a t u r a l  e rgot  pressure among the 
Ind ian  t e s t  locat ions.  We therefore,  thought t o  evaluate some of the  
advanced generat ion ersot  r e s i s t a n t  l ines,  i n  add i t i on  t o  IPMEN 
ent r ies .  Dur ing the 1982 ra iny  season, i n  cooperat ion w i t h  
Patho log is t  a t  Ba j ra  Research Station, Aurangabad, about 600 F6-F8 
l ines uere screened and useful resul ts  were c4taimd. Ue how to  
contlnue t h i s  cooperative a c t i v l t y  to r  feu more years, 
3.  ERGOT 
- Of the elght grass spp. tqsted f o r  the alternative hosts of the 
pearl  m i  1 l e t  ergot pathogen, only g ~ ~ g b g ~ i  siij!f$# drveloped 
syrptms, confirmed t o  be a l l l e t  ergot by cross-inoculation 
tests. 
- I n  continuation of m e a r l i e r  experiment, i n  ergot epldeniology, 
the pos i t ive ro le  of sc le ro t la  uas fur ther  demonstrated by an 
experiment i n  the screenhouse where pearl  l e l l l e t  ~nf lorescences 
uere infected u l t h  ascospores from gorm4nrtlng sclerot ia. 
-Phytopathology (subnltted) 
-More thrn 600 permplasm rccesstonr ($1 and S2 l lnes) fron 
Tanzania, Togo, ExBornu (Nlgerlr) '  m d  Ghma uere screened and 
Ind iv idual  plants u i t h  less eroot ((10% severity) uere selected 
f o r  fur ther  screening. 
- About 310 entr les from the AICMIP t r l r l s  Including hybrids, 
populations, ns l ines and Local va r ie t le r  were screetwd durlng 
the two rainy seasons; most of these uere h lgh ly  susceptible 
(>SOX scverl ty).  
+ o r e  th rn  SO0 entr ies from 9 ICRISAT Cwter  breeding t r i a l s  
(IPRAT-7, PMHT, PRHT-PI WHT-2, PHST; mlST-1, u V T ,  APVT end DSC 
Bulk) were screened; about 98% o f  the ent r ies showed high 
suscep t lb l l i t y  (>SOX sevrr l ty ) .  
- A l l  the IPMDMN ( 4 5 )  and IPMN (30) ent r ies were found susceptible 
wfth mean ergot sever l t les of more t h m  SOX. 
- Ik lect tons from hrrl M i l l e t  Lrgot Nursery ( W N )  entr les and 
germplasn Lines (700,000 series trorn Krno, Nlper l r )  i n  the 1981 
and 1962 screens provided sow r e s l s t m t  rrpregrnts rnd about 100 
ergot-free herds were 8electod.for fur ther  evrlurt ton. 
- O f  247 ergot inbreds and mul t ip le  dlserse n a l r t m t  lnbredr (by 
In,, m e t  were h lgh ly  susceptjblr. 
- Ihr 3 h n t r y  19M. PMN which c k t a t o d  ef r d v m c d  p w r a t l o n  
ergo t  r e s i s t a n t  l i n e s  (F6-F8) cont inued t o  show high ergot  
res is tance.  Twentysix o f  the  34 e n t r i e s  had mean ergot  
s e v e r i t i e s  o f  no t  more than 1%, compared w i t h  79% i n  the  
suscep t i b l e  check. 
- The 29-entry 1981 IPMEN was tes ted  a t  10 l o c a t i o n s  i n  I n d i a  and 2  
i n  N iger ia .  F ive  e n t r i e s  (ICMPE-134-6-9, -134-6-11, -13L-6-25, 
-134-6-34, -134-6-41) showed h igh  ergot  res is tance (<2%) across 8 
I n d i a n  Locat ions and ICMPE 34-1-10 showed low s u s c e p t i b i l i t y  
(<ZOX) i n  N ige r i a .  The 1982 IPMEN e n t r i e s  were evaluated a t  
seven Locat ions i n  I n d i a  and one i n  N iger ia .  Th i r t een  o f  the  29 
e n t r i e s  showed very h igh Levels o f  res is tance (< lX )  across 
Locat ions i n  I n d i a  and Niger ia .  (Progress Reports:PM Path 67 and 
7 8 ) .  
- Advanced genera t ion  e rgo t  r e s i s t a n t  Lines (F7-F9) from the f i r s t  
se t  o f  crosses remained h i g h l y  res i s tan t .  Several F8 Line bu lks  
(ICMPE and ICMPES Nos.) have shown h igh  l e v e l s  o f  res is tance i n  
m u l t i l o c a t i o n a l  t es t i ng .  
- Crosses made betueen ergot  low-suscept ib le Lines (o the r  than those 
i nvo l ved  i n  t he  f i r s t  se t )  cont inued t o  prov ide r e s i s t a n t  
segregants a t  F5 and F6 stages and some o f  these have been 
in ter -c rossed t o  f u r t h e r  increase the  Levels o f  res is tance i n  the 
progeny Lines. 
- More than 700 t e s t  cross F1 hybrids, between ms l i n e s  ( I l l - A ,  
5054-A, 5141-A, I C M  ms 81 and 8 MAHYCO, a l l  o f  which are 
suscep t i b l e )  and 40 e rgo t  r e s i s t a n t  p o l l i n a t o r s ,  mere screened 
and a l l  the  hyb r i ds  were h i g h l y  suscep t i b l e  i n d i c a t i n g  ergot  
res i s tance  i s  recessive.  
- Several  o f  t he  ergot  r e s i s t a n t  l i n e s  have been i d e n t i f i e d  as 
main ta iners  on ms Lines and these are  be ing converted i n t o  ms 
Lines through a  backcross program. 
- Although the ergot  reac t i ons  ( i n  the  absence o f  p o l l i n a t i o n )  o f  an 
' A 1  and 'B' p a i r  do not  u s u a l l y  d i f f e r ,  r e s u l t s  from a  
p r e l i m i n a r y  experiment where the  equ iva lent  hybr ids  were made 
w i t h  bo th  the  A and the  B Line as t he  female parent (and ergot  
r e s i s t a n t  l i n e  as male parent), showed t h a t  t he  h y b r i d  w i t h  the  A 
L ine  ( w i t h  male s t e r i l e  cytoplasm) was more suscept ib le  than the 
h y b r i d  w i t h  t he  male f e r t i l e  l i n e  (normal cytoplasm). 
- E f f o r t s  are underway t o  t r a n s f e r  ergot  res i s tance  i n t o  ' R '  and ' 8 '  
Lines and crosses betueen B x e rgo t  r e s i s t a n t  l i n e s  have prov ided 
e rgo t  r e s i s t a n t  segregants a t  F4 and F5 generat ions.  
- Using e rgo t  r e s i s t a n t  F5-F9 Lines, 5 syn the t i cs  have k e n  
c o n s t i t u t e d  and these a re  be ing  improved f o r  ppy lg y i e l d  
performance. 
- Stud ies  on the  i n h e r i t a n c e  o f  r es i s tance  were continued, d a t a  
i n d i c a t e  res i s tance  t o  be recess ive  w i t h  a d d i t i v e  e f fec ts .  
D e t a i l e d  ana l ys i s  i s  underway t o  un rave l  t he  s i t ua t i on .  
- Results of a demonstration t r i a l  on "ergot control  i n  hybrid 
through pol len management" supported our e a r l i e r  f indings that 
the disease could s ign i f i can t l y  be reduced by s t ra teg ica l l y  
p lant ing a pollen-donor l i n e  with the hybrid, which could be a 
p rac t i ca l  contro l  measure. 
- Ann.appl.Biol.1983 ( i n  press). 
3.2.1 ._Al$_rngfiv_e h_ogt. There are several grass species reported i n  
the l i terature,  t o  be a l te rna t i ve /co l la te ra l  hosts of the pearl  
m i l l e t  ergot pathogen. Recently there have been reports of two 
grasses, Sgpchryp c i l i g y j p  f ron Rajasthan and ~ Q C ~ S U ~  gctigq$gIg 
from Haryana, t o  be heavi ly infected wi th  ergot under natural 
conditions. _Pg_njcyz g,nf i d q f g l ~  has been confirmed by 
cross-inoculation tes t  t o  be a host of the p r a r l  m i l l e t  ergot 
pathogen (Thakur, D.P., and 2.S.- Kanwar. 1978. Indian J. 
Agric. S c i .  48: 540-542). During the rainy seasons (1981 and 
1982) we inoculated inflorescences of eight grass species 
( t rn thcys c l l i s f i ~ ,  P ~ n i s y 8  ~ n f i d ~ f i L $ ,  ~ O O ~ S Y B  I &~!~YE, e e t ~ l ~ e  
cslrTu@,Eronlrst~e !3491gicy!, !?enni&sfya ~ s ~ o ~ ~ L o S ~ E ,  enonirrtu~ 
tgeegLlj, and S r f ~ c i g  gel~ggrlpt$) grouing i n  the ICRISAT Center 
botanical garden, with p&ar l  m i l l e t  ergot conid ia l  suspension. 
only ppgh_ryq s i L j g _ r i ~  and &_n_nig~fys INL~U",~ (Pearl M i  1 l e t  as 
the check) developed infect ion. I n f e c t i o n  on E, ~ i l h ~ i ~  was 
confirmed t o  be of m i l l e t  ergot i n  the screenhouse on pot-grown 
p lants  by cross-inoculation tests. Repeated inoculat ions of P. 
anti&$#Lg inflorescences wi th  t'hc pearl  m i  l l c t  ergot pathogen 
---- 
e i the r  i n  f i e l d  o r  screenhouse d i d  not produce infect ion. I n  
- 
vieu of the pubZished report f ron H i s u r  t h i s  needs t o  be 
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rechecked a t  o ther  Locat ions where P. a p t j d p t g l p  e x i s t s .  
3.2.2.A~hp~ep~i~~ Ipff ' tFp" To conf i rm the r e s u l t s  from f i e l d  
experiments (1978-80) on the  r o l e  o f  s c l e r o t i a  i n  ergot  
epidemiology, an experiment was planned i n  t he  screenhouse du r i ng  
summer 1982 where i n f l o rescences  o f  a  ma le -s te r i l e  pea r l  m i l l e t  
L ine 5141-A, a t  t he  maximum f resh  stigma stage, were exposed f o r  
72 and 96 h r  t o  germinat ing  and non-germinating s c l e r o t i a  i n  the  
po t - so i  1. 
A l l  the  s i x  i n f l o rescences  exposed f o r  the two time 
per iods  t o  germinat ing  s c l e r o t i a  developed e rgo t  w i t h i n  a  week 
a f t e r  exposure w h i l e  t he  i n f l o rescences  exposed t o  nongerminat ing 
s c l e r o t i a  d i d  no t  show any ergot  (Table 3.2.2). The r e s u l t  thus 
i n d i c a t e s  t h a t  i n f e c t i o n  must have occurred by ascospores 
re leased from germinat ing  s c l e r o t i a .  Th is  was f u r t h e r  confirmed 
by ascospores t rapped on cel lophane tape, greased micro-glass 
s l i d e s  and PDA p l a t e s  exposed t o  germinat ing  s c l e r o t i a  i n  t he  
Laboratory. 
3.3.1 .Scygepjhg geygelgcm l i p g p .  Dur ing  the  post-rainy,  summer and 
r r i n y  seasons o f  1981 and 1982, 620 germplasm Lines and S1 o r  S2 
s e l e c t i o n s  from Tanzania, Togo, Ex-Cornu (k i iger ia )  and Ghana were 
screened. O f  1,290 p l a n t s  screened i n  129 (S1) l i n e s  from 
Tanzania, o n l y  26 p l a n t s  (2% p l a n t s )  w i t h  Less e rgo t  
s u s c e p t i b i l i t y  ("(10% s e v e r i t y )  were se lec ted f o r  f u r t h e r  
e v a l u a t i o n  (Table 3.3.1). 
Togo and ExBornu l i n e s  were screened i n  t he  M u l t i p l e  
Disease (downy mildew, e rgo t  and smut) Nursery (MDN) d u r i n g  Narch 
1982. Because o f  dry-hot weather ergot  development was not  
adequate and many Lines showed Low e rgo t  s u s c e p t i b i l i t y .  O f  223 
Lines screened (2230 p l a n t s  inocu la ted) ,  145 heads (6.5%) were 
se lec ted  f o r  f u r t h e r  eva luat ion .  These were screened du r i ng  t h e  
1982 r a i n y  season i n  e rgo t  nursery and 57 p l a n t s  (heads) were 
se lec ted  w i t h  low ergot.  O f  123 Ghana Lines (St )  screened i n  the  
MDN d u r i n g  t h e  1982 r a i n y  season 19 p l a n t s  (1.5%) were se lec ted 
w i t h  Low e rgo t  (Table 3.3.1). 
3.3.2.ACh Qg~difiBfgg fci#C g~$ffes: I n  c o n t i n u a t i o n  of  our 
coopera t ive  se rv i ce  t o  t he  I n d i a n  n a t i o n a l  program (AICMIP) we 
screened 341 p e a r l  m i l  l e t  Lines du r i ng  the  1981 . and 1982 r a i n y  
seasons. These l i n e s  inc luded F l  _hybr ids ,  popu la t i ons  and 
v a r i e t i e s ,  ms-Lines and Local c o l l e c t i o n s .  I n  1981 screening was 
conducted f o r  i n d i v i d u a l  d iseases i n  the  respec t i ve  disease 
n u r s e r i e s  but i n  1982 screenings were done i n  t he  MDN. 
Resu l ts  presented i n  Table 3.3.2 i n d i c a t e  t h a t  a l l  t he  
e n t r i e s  were suscep t i b l e  i n  bo th  year! t o  e rgo t  except one of the  
ms- l ines which showed '<lo% eigot,  p robab ly  an escape. With e rgo t  
r e s i s t a n t  l i n e s  supp l i ed  from ICRISAT e f f o r t s  a re  underway i n  t h e  
I n d i a n  program t o  develop e rgo t  r e s i s t a n t  hyb r i ds  and v a r i e t i e s .  
3.3.3.4gBASdI g g n l g ~  kttgdjnp iiggp. More than 300 l i n e s  i n  9  
t r i a l s  (IPHAT-7, PMT, PMHT(P), PMHT-2, MIST, PHST-1, ELVT, APVT 
and DSC b u l k )  were screened d u r i n g  t h e  1981 and 1982 r a i n y  
. 
seasons. Most of t h e  l i n e s  (98%) showed high r u s c e p t i b i l i t y  
(>50% s e v e r i t y )  t o  e rgo t  (Table 3.3.3). A l l  the  hybrids, 
syn the t i cs  and varieties uere equa l l y  suscept ib le  under 
i n d i v i d u a l  p l a n t  i nocu la t i on .  
With the development o f  h igh r e s i s t a n t  &got Lines major 
e f f o r t s  are underuay t o  breed ergot  r e s i s t a n t  hybr ids  and 
synthet ics .  
3.3.4.S$lpcegd I j ngs .  About 500 l i n e s  which were se lec ted from the 
1980 and 1981 screens and e n t r i e s  from IPMDMN were screened. The 
r e s u l t s  are summari sed i n  Table 3.3.4. 
A L L  45 IPMDMN e n t r i e s  showed >30% ergot  sever i ty .  I n  
PMEN se lec t i ons  several  e n t r i e s  showed Less ergot  and 70 
ergot - f ree  heads were se lec ted f o r  f u r t h e r  evaluat ion.  Among the 
o ther  select ions,  on l y  se lec t i ons  from germplasm t i nes  (700,000 
se r i es )  prov ided some ergot  r e s i s t a n t  segregants and 43 ergot 
f r e e  heads were selected. 
O f  247 ergot  inbreds and m u l t i p l e  disease r e s i s t a n t  
inbreds (MDI) most uere h i g h l y  suscept ib le  and feu inocu la ted 
heads uhich, though developed Less ergot, could not be se lec ted 
because o f  poor seed set under se l f i ng .  
3.3.5.fkarl M i l l e t  E ~ g g t  Ngysgry (PMgYL 1251. The 34-entry t r i a l  
c o n s i s t i n g  o f  advanced genera t ion  e rgo t  r e s i s t a n t  Lines was 
eva luated i n  2 r e p l i c a t i o n s .  Two rows (4m) per  en t r y  per 
r e p l i c a t i o n  uere grown and 10 p l a n t s  were inocu la ted per row. 
Data uere recorded on days t o  75% f louer ing,  and mean and range 
o f  e rgot  sever i ty .  Tuentysix of  t he  34 e n t r i e s  had mean ergot  
s e v e r i t i e s  o f  no t  more than 1% and no t  more than 5% on any o f  t he  
40 inoculated heads/entry. The other  e igh t  e n t r i e s  had mean 
s e v e r i t i e s  between 1  and 5% w i th  sever i t y  range o f  0-35% on 
i n d i v i d u a l  heads, whi le  the check BJ-104 had the mean sever i t y  of 
79% w i t h  range o f  50 t o  98% (Table 3.3.5). 
Days t o  75% f lower ing  i n  t e s t  entrlbgs va r ied  betucen 44 
(ICMPE 134-6-6) t o  69 (ICMPE 13-6-25) whereas i t  was 42 days i n  
BJ-104. Nine e n t r i e s  which Looked good agronomically were 
se lected f o r  f u r t h e r  evaluation. 
3 - 3 ~ 6 . I n t s r r n t l n e 9 1  gnarl MILLnS Ersnt Burnrrr IltIEEL. 
I b g  lPBl Jgggb. The 29-entry IPMEN was evaluated a t  10 Locations 
i n  I n d i a  and 2 i n  Nigeria. Although no en t ry  was ergot f ree  a t  
a l l  the locetions, f i v e  e n t r i e s  developed a t  ICRISAT Center 
(ICMPE F7 l ines, 134-6-9, -134-6-1 1, -134-6-41, -1 34-6-34 and 
-134-6-25) were h i g h l y  r e s i s t a n t  a t  _ a l l  Ind ian  loca t ions  w i t h  
across Locations mean, ergot  s e v e r i t i e s  o f  not  more than 2%. 
Another e igh t  e n t r i e s  had across l o c a t i o n  mean ergot  s e v e r i t i e s  
o f  not more than 10% compared w i t h  41% on the suscept ib le  check. 
A repor t  on t h i s  has already been publ ished (Progress Report PH 
Path. 67). 
Ibr 1262 p g y .  The 29-entry IPMEN was tes ted  a t  7 loca t ions  i n  
I n d i a  and 1  i n  Nigeria. Although no entry  was ergot  f ree  a t  a l l  
the Locations 13 e n t r i e s  were h i g h l y  r e s i s t a n t  w i t h  across 
Locations mean s e v e r i t i e s  o f  not  more than 1% and the m a x i r u ~  
s e v e r i t y  o f  not  more than 5% a t  any Location. Several e n t r i e s  
showed h igh ergot  res is tance .  even a t  Sarrru. Some of  the 
promising e n t r i e s  were ICMPE 134-6-9, ICWES-2, ICWE 134-6-34, 
ICMPE 134-6-25,- ICMPE 247-6, ICMPE 134-6-6, ICR# 134-6-41, 
ICMPES-27 and ICKPE 134-6-11. Some of  the  comaon e n t r i e s  which 
showed h igh ergot  res is tance i n  1981 and 1982 are presented i n  
Table 3.3.6. A r epo r t  on the 1982 IPMEN has already been 
pub l ished (Progress Report: PM Path.78). 
3 - 4 . 1 - R g s j ~ t ~ p g g  &ygLppm$gt I .  The f i r s t  set  o f  crosses, made i n  
1977 i n v o l v i n g  20 ergot- low-suscept ib le l ines ,  were screened and 
e rgo t  r e s i s t a n t  pedigree-selected each genera t ion  providea many 
t i nes  w i t h  h igh  l e v e l s  o f  e rgot  res is tance a t  F6 generat ion.  O f  
53  crosses, on l y  two crosses (J2238 x J2210-2 and J606-2 x 
J703-1) have prov ided most of the  s u r v i v i n g  r e s i s t a n t  t ines.  
Dur ing  t h e  1981 r a i n y  season 538 F8 l i n e s  were screened and 97% 
of  the  l i n e s  showed h igh l e v e l s  o f  e rgo t  res is tance (?lo% 
s e v e r i t y ) .  The r e s u l t s  are  summarised i n  Table 3.4.la. 
From F6 genera t ion  and beyond, Line-bulks were made of 
r e s i s t a n t  progenies and a t  F8 most o f  the  progenies were i n  
Line-bulks. About 150 Line-bulks (s ibbed and se l f ed )  were 
eva luated f o r  e rgo t  reac t i ons  a t  ICRISAT Center and Aurangsbad 
du r i ng  the  1982 r a i n y  season. S i x t y s i x  and 86% of  the Lines 
showed h igh  ergot  res is tance (2 5% s e v e r i t y )  a t  ICRISAT Center 
and Aurangabad, respec t i ve l y  (Table 3.4.lb). Attempts have been 
made t o  combine pheno typ i ca l l y  s i m i l a r  s i s t e r  l i n e s  w i t h  s tab le  
h igh  Levels o f  res is tance by s ib-mat ing and these Lines a re  
designated as ICMPES Nos. Some o f  these have been and w i l l  be 
grown i n  i s o l a t i o n  p l o t s  t o  increase the  seed f o r  d i s t r i b u t i o n .  
Combining s i m i l a r  l i n e s  a t  F8 genera t ion  has helped us reduce the 
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number of ergot res is tan t  progenies t o  a manageable level. 
Several crosses uere made between F3 x F5 involv ing 
d i f f e r e n t  ergot-low- susceptible parents t o  d i v e r s i f y  the genetic 
base i n  the res is tan t  progenies. 
Some o f  the F8 l i nes  have been i d e n t i f i e d  as maintainers 
on ms-Lines 5141A, 5054A and I C M  ms 81 by breeders and these are 
being used i n  the backcross program t o  develop ergot res is tant  
seed parent. 
Several of the advanced generation (F6-F8) Lines and 
ICMPES Lines were evaluated i n  the mu l t i l oca t iona l  tes t ing  
through IPNEN and have shown very high Levels o f  ergot resistance 
across locat ions i n  India. 
3.4.2.&gigtmrg &&,oellm$ JJ. Seventyone F l  s generated involv ing 
. 
s i x  ergot Low susceptible Lines (700708-1-E-2, 700526-E-1, 
700636-3-2-E-1-DM-1) and t h e i r  selections, were screened during 
the 1979 ra iny season. The mean ergot sever i t i es  ranged from 1 
t o  62% (Progress Report PMP E/S 8004 Appendix X I  p. 136) and 29 
l i nes  were selected f o r  fu r the r  evaluat ion as F2 populat ion 
during the 1979-80 post-rainy season. The mean sever i t i es  varied 
between 6 and 44% compared w i th  80% on ICH 105 (Progress Report 
PMP E/S 8004, Appendix XX p.186). Ergot res is tan t  ind iv idua l  
p lan ts  (226) selected from F2 pbps. uere screened during the 
1980-81 post-rainy season as' F3 l i nes  a d  200 ergot-free s ing le 
herds .selected frm 27 F3 l i nes  (Progress Report PH Path 61, 
App.nd4x. X V I I I ,  p.82) uere screined as F4 Lines dur ing the 1981 
r a i n y  season and 310 e r g o t - f r e e  s i n g l e  heads were s e l e c t e d  from 
50 F4 l i n e s .  These u e r e  screened as F5 l i n e s  d u r i n g  t h e  1981-82 
p o s t - r a i n y  season and 483 e r g o t - f r e e  s i n g l e  heads s e l e c t e d  from 
76 F5 l i n e s  u e r e  e v a l u a t e d  as Fb l i n e s  d u r i n g  t h e  1982 r a i n y  
season. F i n a l l y ,  159 e r g o t - f r e e  heads were s e l e c t e d  f rom 25 F6 
l i n e s  ( i c r o s s  f o r  f u r t h e r  e v a l u a t i o n  (Tab les  3.4.2a; 
3.4.2bl.Tuelve F5 L ine-bu lks  uere  e v a l u a t e d  i n  a  r e p l i c a t e d  t r i a l  
f o r  e r g o t  r e a c t i o n  d u r i n g  t h e  1981-82 p o s t - r a i n y  season a t  
ICRISAT Center. Ten o f  these  showed % 10% mean s e v e r i t y  compared 
w i t h  93% on  t h e  check ICH-206 (Tab le  3 . 4 . 2 ~ ) .  
3.4.3.Rgsjsranip deipCgemnpr JII. To f u r t h e r  i n c r e a s e  t h e  Levels o f  
res is tance ,  e i g h t  e r g o t  r e s i s t a n t  FS l i n e s  ( d e r i v a t i v e s  o f  
c rosses  among 6 e r g o t - l o w - s u s c e p t i b l e  L ines)  were i n t e r m a t e d  
d u r i n g  summer 1980, p rogen ies  screened, and r e s i s t a n t  p l a n t s  
s e l e c t e d  a t  each g e n e r a t i o n  u p t o  F4. E rgo t  r e a c t i o n s  o f  p a r e n t s  
and p r o g e n i e s  a r e  summarised i n  Tables 3.4.3a and 3.4.3b. D u r i n g  
t h e  1982 r a i n y  season 685 F4 p r o g e n y - l i n e s  u e r e  screened and 77% 
o f  these  showed h i g h  l e v e l s  o f  e r g o t  r e s i s t a n c e  ((10~ s e v e r i t y ) .  
Data p resen ted  i n  Tab le  3.4.3a i n d i c a t e  t h a t  F l s  f rom 
c rosses  between r e s i s t a n t  p a r e n t s  showed more e r g o t  than  t h e  
parents,  F2 p l a n t s  showed s t i l l  h i g h e r  e r g o t  Leve ls  b u t  w i t h  many 
i n d i v i d u a l  e r g o t  r e s i s t a n t  segregants.  From 8  F2 p o p u l a t i o n s  
(500 p l a n t s  i n o c u l a t e d  i n  each), 181 e r g o t - f r e e  heads (4.5%) were 
s e l e c t e d  f o r  e v a l u a t i o n  as F3 l i n e s .  At F3, 40 p l a n t s  were 
i n o c u l a t e d  i n  each F3 L i n e  and 685 e r g o t - f r e e  heads (9.5%) were 
s e l e c t e d  f o r  e v a l u a t i o n  as F4 Lines. These r e s u l t s  c l e a r l y  
i n d i c a t e  t h e  v e r y  low f requency  o f  r e s i s t a n c e  genes t h a t  a r e  
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ava i lab le  i n  these Lines. 
Sixteen F4 Line-bulks were evaluated dur ing the 1981-82 
post-rainy season. The mean ergot sever i t i es  ranged from 1 t o  8% 
compared w i th  88% on BJ-104 (Table 3.4.3~). 
3  -4 -4 .ggfietge$n &ynlgaegna JY. Five crosses made between neu' 
ergot-low-susceptible FS Lines were evaluated as F2 populat ions 
dur ing the 1981 ra iny season. A t o t a l  o f  167 ergot res is tan t  
((5% sever i ty)  s ing le  heads were selected and screened as F3 
Lines dur ing 1981-82 post-rainy season. Many of F3 l i nes  showed 
h igh Levels of ergot resistance (<lo% sever i t y )  coupled w i th  good 
agronomic t r a i t s  (Table 3.4.4a). Fortyone Lines which showed 
h igh leve ls  o f  ergot resistance had agronomic scores o f  5 or Less 
Con a l (best ) -9(worst )  scale3 and the p lan t  height var ied between 
180 and 220 cm. From these 41 Fl?, l i n e s  199 s ing le p lan ts  were 
selected f o r  fu r the r  evaluation. The d e t a i l s  o f  ergot react ions 
of parents, F2 and F3 progenies, and se lect ions are provided i n  
Table 3.4.4b. 
3.4.5.5199i ~ g i j g s g n s  gih=byLk~. During the 1982 summer, more than 
300 FS, F7 and F8 l i n e s  'were grown i n  the downy mildew nursery. 
P i  
Phenot i8a l ly  s i m i l a r  s i s t e r  l i n e s  were sib-mated t o  generate 32 
sib-bulks. Po l len  co l lec ted  from 10-15 good-looking p lan ts  was 
mixed together t o  p o l l i n a t e .  2-3 p lan ts  i n  each Line. Equal 
quan t l t y  seed from the same n W r  o f  p o l l i n a t e d  p lan ts  from each 
Line were bulked t o   constitute.^ r sib-bulk. Number o f  s i s t e r  
lines. invq lved i n  each sib-bulk var ied from 2 t o  11. These 32 
l i n e s  designatad i s  ICHPES were evaluated f o r  ergot  react ions a t  
ICRISAT Center and Aurangabad d u r i n g  t h e  1982 r a i n y  season. Ten 
Of these were a l s o  eva luated f o r  t h e i r  y i e l d  p o t e n t i a l  a t  H i ssa r  
and ICRISAT Center i n  a  r e p l i c a t e d  t r i a l .  
Twenty-two l i n e s  which were eva luated o n l y  f o r  e rgo t  
r e a c t i o n s  a t  ICRISAT Center and Aurangabad were a l l  h i g h l y  
r e s i s t a n t  a t  Aurangabad w i t h  mean s e v e r i t i e s  v a r y i n g  between (1 
and 4% and a l l  except 4 e n t r i e s  (which had mean s e v e r i t i e s  
between 1 8  and 47%) were r e s i s t a n t  a t  ICRISAT Center a l s o  (Table 
3.4.5a). The t h r e e  checks UC-C75, ICMS 7703 and BK-560 developed 
e r g o t  s e v e r i t i e s  o f  64, 72 and 90X, respec t i ve l y .  
E igh t  o f  t h e  10 ICMPES l i n e s  showed h i g h  l e v e l s  o f  e rgo t  
res i s tance  (f 5% s e v e r i t y )  bo th  a t  ICRISAT Center and Aurangabad. 
However, t he  y i e l d  p o t e n t i a l  o f  t he  Lines were not  comparable t o  
those o f  UC-C75 and BK-560. One o f  t he  l ines ,  ICMPES-3 which had 
t h e  h ighes t  y i e l d  o f  1.8 k g / p l o t  was 63% o f  8K-560 and 75% of 
UC-C75 a t  H i ssa r  under e r g o t - f r e e  s i t u a t i o n .  A t  ICRISAT Center 
under very  h i g h  e r g o t  pressure, t h e  h ighes t  y i e l d i n g  e n t r y  
(ICMPES 28) was 106% o f  BK-560 and 94% o f  WC-C75. Under heavy 
e r g o t  pressure  (95% s e v e r i t y  on BK-560) i t  i s  apparent t h a t  e rgo t  
r e s i s t a n t  L ines can y i e l d  as u e l l  as h y b r i d s  (Table 3.4.5b). 
Comparison o f  y i e l d s  o f  BK-560 w i t h  t h e  average y i e l d  of 
t h e  e r g o t  r e s i s t a n t  e n t r i e s  under two c o n d i t i o n s  (e rgo t  f r e e  a t  
H i ssa r  and h i g h  ergot -pressure  a t  ICRISAT Center)  i n d i c a t e s  61% 
g r a i n - y i e l d  Loss due t o  ergot .  Th is  asswaes t h a t  y i e l d  p o t e n t i a l  
o f  BK-560 i s  t h e  same r e l a t i v e  t o  t h e  e r g o t  r e s i s t a n t  e n t r i e s  a t  
t h e  two Locat ions.  
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3.5.1 .&gp; ssaig$g,"f ~ ~ A l l e a f ~ f t .  Using 30 ergot-lou susceptible 
(ELS) FS l i nes  as p o l l i n a t o r s  on 3 as Lines ( i l l - A ,  5054-A, and 
5141-A), 642 F1 tes t  hybrids uere generated (by BST) during the 
summer 1980. These were screened during the 1980 ra iny season 
and a l l  the hybrids showed high ergot suscep t ib i l i t y  (>SOX 
severi ty).  By 1980 ra iny season several ergot res is tant  Lines 
uere i d e n t i f i e d  where the period of protogyny w i th in  a herd was 
reduced from the norm1 3 days t o  1 day or even less. Our 
breeders i d e n t i f i e d  four l i nes  i n  the cross C l l l A  x (1116x314 
souna-39-2-2)3 which had short protogyny (about 2 days). To tes t  
whether hybrids made wi th  parents exh ib i t i ng  short protogyny, 
d i f f e r e d  i n  ergot res4stmce these four Lines were used as female 
parents u i t h  ergot res is tan t  l i p s  as pollinators and 34 F1 tes t  
hybrids were generated during summer 1981. These hybrids were 
screened i n  the 1981 ra iny season and a l l  the 34 hybrids were 
found h igh ly  susceptible (>SOX ergot severi ty)(Table 3.5.1) 
ind ica t ing  that  short protogyny i n  one or both parents of a 
hybr id  does not appear t o  contr ibute t o  ergot low suscep t ib i l i t y .  
Maharashtra Hybrid Seed Co.(MAHYCO) produced 37 hybrids 
using our ergot res is tant  Lines as p o l l i n a t o r s  on 8 of t h e i r  
as-lines, and again a11 uere h igh ly  susceptible (Table 3.5.1). 
I n  1982 summer our breeders m& hybrids between argot 
res is tan t  l i n e s  (both parents) m d  ELS Lines (seed parent) u i t h  
ergot res is tan t  l i n e s  as.' po l l inators ,  These hybrids were 
e w l u r t e d  dur ing the 1982 ra iny senan. A l l  49 hybrids k t u a e n  
e r p t  r e r i s $ m t  l i nes  were h igh ly  r e s l s t m t  u h i l e  the other I S  
h y b r i d s  between ELS (SC-Z(M)S-4-Sels) and e r g o t  r e s i s t a n t  l i n e s  
showed v a r i a b l e  react ions ,  u i t h  26% o f  these shouing more t h a ~  
20% e r g o t  s e v e r i t y  (Tab le  3.5.1). Thrse r e s u l t s  show t h a t  t o  
o b t a i n  e r s o t  r e s i s t a n t  F1 hyb r i ds  bo th  parents- should have 
res i s tance .  
3.5.2.errggdng e r g o t  r e g i r t g c t  epygmtg. By 1978 Rabi EL$ F3 
Lines uere developed and 25 l i n e s  w i t h  d e s i r a b l e  agronomic t r a i t s  
were i d e n t i f i e d  by our  breeders.  I n  February 1979 ' ac t i on -p lan '  
was prepared t o  u t i l i s e  these ELS l i n e s  i n  a  breed ing program 
p a r t i c u l a r l y  t o  produce e rgo t  r e s i s t a n t  hybr ids .  
Some o f  t h e  ELS l i n e s  a t  F4 uere crossed t o  50546 and 
51418 and 14 F1 crosses were generated d u r i n g  t h e  1979 r a i n y  
season. F2 popu la t i ons  were screened d u r i n g  t h e  Rabi 1981 and 
e r g o t  r e s i s t a n t  i n d i v i d u a l  heads uere  se lec ted.  The process was 
repeated a t  each gene ra t i on  u p t o  F5 (1982 r a i n y  season), where 
o n l y  37 heads from o r i g i n a l  8 crosses uere  se lec ted  (Tables 
3.5.2~; 3.5.2b). The frequency of e r g o t  r e s i s t a n t  p l a n t s  
s e l e c t e d  v a r i e d  from 1.3% i n  F2 t o  9.4% i n  F4 and 7.5% i n  F5. A t  
each gene ra t i on  10 random p l a n t s  were crossed t o  ' A '  Lines t o  
t e s t  t h e i r  m a i n t a i n i n g  a b i l i t y .  Once h i g h  l e v e l s  o f  e rgo t  
r e s i s t a n c e  u i t h  s t a b l e  r e a c t i o n s  a re  ob ta ined  these w i l l  be 
conver ted i n t o  seed pa ren t  by backcross ing u s i n g  ER 'B' Lines as 
r e c u r r e n t  parent .  
The o t h e r  se t  o f  crosses were made u s i n g  two of t he  e rgo t  
r e s i s t a n t  F7 l i n e s  (ICMPE 134-6-9 and ICMPE 134-6-18) on 51418, 
50548, l l l B  and 818 d u r i n g  the  1981 summer season and 22 F l s  urrc 
generated. F2 pops. uere  screened d u r i n g  t h e  1981-82 p o s t - r a i n y  
season and e rgo t  r e s i s t a n t  p l a n t s  were se lec ted f o r  screening as 
F3 l i n e s  du r i ng  the  1982 ra iny  season. Frequency o f  s e l e c t i o n  o f  
e rgo t  r e s i s t a n t  p l a n t s  va r i ed  from 2.9% i n  F2 t o  12.1% i n  F3 
(Tables 3.5.2a; 3.5.2~).  Sixtyseven ergot  res i s tan t .pLan ts  have 
been se lec ted f o r  f u r t h e r  eva luat ion .  
3.5.3.J"e"tifggijpn pf w g p t  c g s i p t g n t  $gjntgigac$. Several o f  t he  
e rgo t  r e s i s t a n t  F7 and F8. l ines were i d e n t i f i e d  as main ta iners  on 
111A, 5141A, 5054A and I C M  ms81. Some of  these are  i n  t he  
process o f  be ing converted i n t o  ms- l ine through back-crossing. 
Most o f  the main ta iners  have been se lec ted from ICMPE 134-6-9, 
ICMPE 134-6-18, ICMPE 13-6-8, ICMPE 13-6-9 and ICMPE 13-6-28 
(Table 3.5.3). 
3.5.4.nttgmpt 52 i r g~z fg ! :  pcgo i  r p p i q t g ~ c g  jg :_R: 1" Lingp. 
During the  summer 1982 crosses were made (by EST) between ICP-220 
( p o l l i n a t o r )  and ER-110-2 (ergot  r e s i s t a n t  R  Line) and betueen 
50548 x E R  126-1 (e rgo t  r e s i s t a n t  B Line) and the  r e s u l t i n g  F l s  
andpa ren ts  were eva luated i n  t he  1982 r a i n y  season e rgo t  
nursery.  
Three o f  the  f ou r  F l s  between R x E R  o r  ExER developed much 
l ess  e rgo t  (mean s e v e r i t y  25 t o  45%) compared w i t h  t h e i r  
suscep t i b l e  parents, t he  R and E  Lines, which haa the s e v e r i t i e s  
o f  88 and 68%, respect ivel+y (Table 3.5.4). Th is  prov ides an 
assumption t h a t  the  t r a n s f e r . o f  e rgo t  res i s tance  may be eas ie r  i n  
some pa ren ta l  Lines than others.  Backcrosses w i l l  be at tempted 
t o  t r a n s f e r  ergot  r e s i s t a n c b  frm ergo t  0 and e rgo t  R l i n e s  t o  
50548 and ICP 220, respec t i ve l y .  
3.5.5.Effect of pytopAafm $?sot fgzagprjbjij>y. To de te rmine  t h e  
e f f e c t s  o f  cy top lasm or, e r g o t  s u s c e p t i b i l i t y / r e s i s t a n c e ,  a  ms 
l i n e  5054-A, ( w i t h  s t e r i l e  cytoplasm),  i t s  m a i n t a i n e r  50548 ( b o t h  
e r g o t  s u s c e p t i b l e )  were b o t h  c rossed  w i t h  ( i )  an e r g o t  r e s i s t a n t  
l i n e  E R  110-2 and ( i i )  a  normal  ( e r g o t  s u s c e p t i b l e )  p o l l e n  p a r e n t  
( R  L i n e )  ICP 220. Bo th  these  a c t  as r e s t o r e r s  on  SOSCA. The 
combina t ions  were a d d i t i o n a l l y  made u s i n g  t h e  r e s t o r e r s  as 
females and 50548 as t h e  male. The h y b r i d s  and t h e  p a r e n t s  were 
e v a l u a t e d  d u r i n g  t h e  1982 r a i n y  season. 
R e s u l t s  p r e s e n t e d  i n  Tab le  3.5.5 i n d i c a t e  t h a t  F l s  
betueen  AaER and A x R  ( i n  s t e r i l e  cy top lasm)  were more s u s c e p t i b l e  
(mean e r g o t  s e v e r i t i e s  be tueen  76 and 82%) than  F l s  between BxER 
o r  E R x B  and BxR o r  RxE ( a l l  i n  f e r t i l e  cytoplasm- mean s e v e r i t i e s  
between 48 ano 70%).  The F l s  between ER l i n e s  were, however, 
r e s i s t a n t  (mean s e v e r i t i e s  (1-3%). The r e s u l t s  a l t h o u g h  
p r e l i m i n a r y ,  suggest t h a t  s t e r i l e  cy top lasm might  be a  cause o f  
i n c r e a s e d  s u s c e p t i b i l i t y  i n  commercial F1 h y b r i d s .  We need t o  
make more d e t a i i e d  i n v e s t i g a t i o n s  t o  s u b s t a n t i a t e  t h i s  e f f e c t .  
3.5.6. k y g i g p p p j  g i  e r g g t  rggiitgpt z y n t h g t j c s .  Using 12 e r g o t  
r e s i s t a n t  F5 p r o g e n i e s  from two c rosses  (J2238 x J2210-2; J606-2 
x J703-1) 3  s y n t h e t i c s  ICMS 8031, ICMS 8032, and ICMS 8034 were 
c o n s t i t u t e d  (by  S B C )  a u r i n g  t h e  summer 1 9 M .  These were 
e v a l u a t e d  f o r  e r g o t  r e a c t i o n s  i n  t h e  e r g o t  n u r s e r y  and f o r  y i e l o  
(by SBC) a t  t h r e e  l o c a t i o n s  (PHF, PLF and Bhavan isagar )  d u r i n g  
t h e  1980 r a i n y  season. 
A l l  t h e  t h r e e  s y n t h e t i c s  had mean e r g o t  s e v e r i t i e s  i n  t h e  
range o f  12 t o  15% compared w i t h  24% on WC-C75 and 54% on BJ-104 
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under open-spray inocu la t ion  (Table 3.5.6). One of the three 
synthet ics ICNS 8034 produced g ra in  y ie lds  5% more t h r n  YC-C75 
and 10% more than BJ-104 across 3  locations. 
I n  1981, another synthet ics ICNS 8102 was cons t i tu ted  
invo lv ing  2 ergot res is tan t  l i n e s  and 3 agronomic e l i t e  (ergot 
susceptible) inbreds w i th  a view t o  increase the y i e l d  Level' of 
the synthet ic  whi le mainta in ing ergot resistance. But t h i s  
synthet ic  developed 69% ergot sever i ty  i n  the 1981 ra iny season 
ergot nursery. 
E f f o r t s  are now being made t o  produce synthet ics using 
h igh ly  ergot res is tan t  F8 Lines w i t h  des i rab le agronomic t r a i t s .  
3.5.7*~bsrr~eti?ar af b r b ~ l d n  acd ~ ~ r i r s i r n  fnr zrser 
s u s c e e t i b i l i t y .  The degree of ergot incidence and sever i t y  under 
----- ------- 
na tu ra l  condi t ions depends on the weather condi t ions dur ing 
" 
f lower ing per iod o f  a  pear l  m i l l e t  crop. On an i s o l a t i o n  p l o t  
basis, hybr id  crops have been observed t o  succumb t o  ergot 
i n f e c t i o n  more than open- p o l l i n a t e d  v a r i e t i e s  where po l len  i s  
ava i lab le  e a r l i e r  and f o r  much Longer time than i n  hybrids. 
During the 1981 ra iny season we recorded ergot incidence and 
s e v e r i t i e s  i n  the three F1 hybrids and two v a r i e t i e s  at  two 
locat ions on the I C R I S A T  farm. Hybrids developed more ergot 
(both incidence and s e v e r i t i e s )  than v a r i e t i e s  (Table 3 . 5 . 1 ) ;  
Although both hybrids and v a r i e t i e s  would had s i m i l a r  amounts of 
p o l l e n  in te r fe rence  i n  the'se t r i a l s ,  the hybr ids shoued w r e  
ergot than var ie t ies .  
3.6 .l .tpnbcgL pf w ~ p t  thcpugh epllln mgiggpmgpg. I n  c o n t i n u a t i o n  
w i t h  t he  exper iments f o r  3 y r  i n  i s o l a t i o n A p l o t s ,  i n  the  1982 
r a i n y  season a  demonstrat ion experiment was p lan ted  i n  t he  e rgo t  
nursery  w i thout  ma in ta in ing  any i s o l a t i o n  d is tance.  Two 
treatments, h y b r i d  ICH-206 alone and 4 rows o f  ICH-206 a l t e r n a t e d  
w i t h  1 row o f  the pol len-donor Line SC-2(M)5-4, w i t h  2  
r e p l i c a t i o n s  were tested. P l o t  s i z e  was 16  rows x 10 m w i t h  rows 
spaced a t  75 cm and p l a n t s  w i t h i n  row a t  20 cm. Ergot 
i n o c u l a t i o n s  were made w i t h  honeydew c o n i d i a l  suspension us ing  
knapsack power sprayer, f ou r  times, every a l t e r n a t e  day beg inn ing 
a t  50% f l o w e r i n g  i n  the  hybr id.  A L L  the f ou r  p l o t s  were 
i nocu la ted  and overhead s p r i n k l e r  i r r i g a t i o n  was prov ided t o  
ma in ta in  h igh  humid i ty .  
Ergot sco r i ng  was done f o r  inc idence ( X )  and s e v e r i t y  ( X )  
f o r  each o f  t he  16 rows lp lo t .  Gra in  y ie lds ,  1000-grain weight, 
y i e l a l p l o t  were a l so  measured. 
Ergot inc idence ( X )  and s e v e r i t y  ( X I  i n  t h e  h y b r i d  grown 
w i t h  the  pol len-donor L ine were s i g n i f i c a n t l y  Less than the  
h y b r i d  grown alone (Table 3.6.1). A s i g n i f i c a n t  increase i n  
1000-grain weight and y i e l d / p l o t  were a l s o  recorded i n  the  h y b r i d  
grown w i t h  the  pol len-donor l i n e  over the  hybr id-alone p l o t .  
The r e s u l t s  thus  conf i rmed our e a r l i e r  f i nd ings  o f  t h e  
i s o l a t i o n  p l o t  exper iments and i n d i c a t e  t h a t  the  p o l l e n  
management system can e f f e c t i v e l y  be employed t o  c o n t r o l  e rgo t  i n  
farmers'  f i e l d s .  
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Table 3.2,2.  Ergot severity (%)in perrl millet ule-st.erile line 5141-A 
following exposure of the inf lorercences to pminrting or 
non-geinrting cclerotir of Clrvicras furifomis for 72 and 
% hours 
Inflorescence Time (hr) exposed to Tire (hr) exposed to 
No. -geminating nm-geminating 
sclerotira sclerotiar 
72 96 72 96 
' Suns mtr of geminating or non-geminating sclprotia in tL pot 
soil were used for both exposures. 
Table 3.3.1.Screening of germplasm l ines  f o r  ergot res i s t ance  du r ing  1981-82 
a t  ICRISAT Center 
Year Origin N O .  of Percentage of l i n e s  i n  sev.a  No, of 
l ines  c l a s s  heads 
i 1 0 %  11-208 21-50% >SO$  selected 
1981-82 post-rainy Tanzania 129 (S1) 0 0 6 94 26 
1982 summer Togo 178 (S1) 17 27 50 6 127 
1982 Summer Ex-Bornu 4 5  (Sl) 22 25 53 0 18 
1982 ra iny  Togo 127 (S2) 4 1 27 68 41 
1982 ra iny  Ex-Bornu 18 (S2) 11 6 44 39 16 
1982 ra iny  Ghana 123 (S1) 2 3 51 44 19 
Table 3,3.2. Summary of ergot reactions of entries in All India Coordinated 
Millets Improvement Project tr ia ls  at ICRISAT Center during the 
1981 and 1982 rainy reasons 
No. of No, of entries in ergot roveritYI(\) class 
Tri a1 entries ?lo 11-20 21-50 >5 0 1981 1982 , 1 9 8 7  1381-f 1- -2 
I M - I  1 7 2 1  0 0  0 0  0 0 1 7 2 1  
APKHT-I1 2 1 1 9  0 0 0 0 0 0 2 1 1 9  
IPMPT-IV 17 15 0 0 0 0 1 1  16 14 
APMPT-V 10 17 0 0 0 0 1 1  18 16 
MS Liner 54 106 0 . 1 0 1 4 16 50 88 
Othrrr 17 18 0 0 0 ' 0  1 2 16 16 
Totrl 145 196 0 0 0 1 7 20 138 174 
I of entries 0 0  0 4  5 1 0 9 S 8 9  
'0rsod on 10-20 inoculated inflorracencer/entry 
~ b l e  3.3.3. Summary of e rgo t  r eac t i ons  of ICRISAT Center breeding l i n e s  i n  
10 t r i a l s  during t he  1981 and 1982 r a iny  seasons a t  ICRISAT Center 









D SC bulk 
* ~ a s e d  on 10-20 inocula ted  inf lorescences /ent ry  
- E n t r i e s  not  screened.  
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Table 3.3 .4 ,  Suaaary of ergot screening of rdmnced generation s e l r t i o n s  made 
during 1980 and 1981 .screens 
No. of No. of sn t r ies  i n  ergot No, of Material Year 6 Seasan s ) c lass  ergot 
-?r0 11-20 21-50 >$o 'OW hoards 
IPFlDMN 1 9 1  rainy 
PWeN Selr .  1981 r r iny  
Ergot-Zlut 
P7 l ines 1981 rainy 




(DST) 1982 rainy 
SC-2(M)S-4 Selr .  1982 rainy 
WDI (EsT)~ 1982 rainy 
' ergot severi ty bard on10-20 h~latcdhClorrtcareslontry. 
Scrrenod i n  multiple disease nursory. 
- S t l w t i o n s  not made. 
Table 3.3.5. Ergot reactions cad days t o  75 percent flowbring @TP) of 
34 entry  Pearl Mil le t  Ergot Nursery (PMEN) during the 1981 
rainy season 
Pedigree DTP Ergot sever i ty  (I1 
Moan' ~ m g e  
ICMPE 140-7-8 59 d 0-1 
ICMPE 247-6-2 52 a 0-1 
IU4PE 140-6-8 48 4 0-2 
I W E  247-8-5* 54 <1 0-1 
I W E  13-6-15-2 59 Q 0-1 
ICMPE 247-16-2 
ICMPE 13-6-1 -2 
I W E  13-6-29-1 
I m e  140-6-38 
ICMPE 13-6-28-5 
ICMPE 134-6-6' 




I W E  261-2-5* 
ICMPE 13-6-22-1 
Imps 247-2-4' 
I W E  13-6-10-2 
IcMPe 13 -6-26* 
ICMPE 13-6-25 
ICMPE 13-6-29* 
I W E  247-2-3 
ICMPE 13-6-13 
ICMPE 13-6-9-1 
ICMPE 13-6-24* 61 
I W E  154-6-31' 44 
I W B  15-6-27-lo* 18 
ICMPB 13-6-23 61 
I W E  154-6-38 47 
M-104 Check 
a Mnn of 40 bwgd-inocula ted heads from 2 reps, 
9 mnqie r  were wlectd far further evrlurtion, 
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Table3.36. Percent ergot severitiesa of eight coaon entries in  
1981 and 1982 IPHENs a t  three Indian &.one West African 
locations 
Entry b ICRISAT Center Auran a b d  Saaaru 
1  el 198f dFYb & -2 
IaPE 134-6-9 < 1 
ICMPE 134-6-11 <1 
ICMPE 134-6-41 4 
IWPE 134-6-34 <l 
IWPE 134-6-25 <1 
I W E  13-6-27 5 
ICMPE 13-6-30 3 
I W E  34-1-10 4 
Susceptible check 99 
@ ~ a s e d  on 20-40 inoculated inflorescences per entry in  two replications. 
ICMPE-ICRISAT Millet Pathology Eriqt lines. 

Table 3.4.lb;.Su~f1aly of ergot reactions of 159 Pa l ine  bulks (selfad and ribbed 
in 3 t r i a l s  a t  two locations during the 1982 rainy season 
Trials Locations No. of l ines  i n  ergot rev, (S) elms 
0-5 6-10 11-20 >20 
46 selfed IC 
A' bad 
47 sibbed I C  
A'bad 





I of l ines  IC 
A'bad 
- -- 
IC - ICRISAT 
Atbad Aurangabad 
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Table 3 .4 .2a .  Select ion f o r  increased l e v e l s  of ergot  r e s i s t ance  i n  t h e  
progenies of c ros sesa  between ergot  low-su 'sce~t ible  l i n e s  
(1979-1982) 
Gene- No. of No. of Percentage of l i n e s  i n  e rgo t  sev.  
Year and r a t i o n  l i n e s /  p l a n t s  (%) c l a s s  
c ros ses  screened/ (1 1-10 11-20 21-30 51-40 >40 
l ined 
1979 r a i n y  F1 71 10 0 30 31 14 11 14 
1979-80 pos t - r a iny  F2 29 pop. >ZOO 0 10 10 38 28 14 
1980-81 pos t - r a iny  F3 226 (16F2) 40 2 40 23 18 7 10 
1981 r a i n y  F4 200((27F3) 40 36 42 13 3 3 3 
1981-82 pos t - r a iny  F5 310 (S0F4) 40 10 63 13 11 3 0 
1982 r a i n y  F6 483 ( 7 6 ~ ~ ) ~  40 32 58 S 2 1 2 
a From 26 c ros ses  involving e rgo t  low-susceptible individual  p l a n t s  from 
6 l i n e s  (700708-1-E-2; 700626-E-1; 700526-E-1; J797-1-E-1; 52238-E-4-1; 
ExBouchi 700638-3-2-E-1-CM-2) 71 F l s  were generated.  One of t h e  26 c ros ses  
(700708-1-E-1 x J797-1-E-1-2) provided maximum number of e rgo t - f r ee  p l an t  
upto  F6 gene ra t ion .  
From 25 Fg 159 e rgo t - f r ee  heads were se lected f o r  f u r t h e r  evaluat ion.  
Table 3.4.2b, Details of crosses made md progmia s c m t d  ud seltcted at arch 
generation f r m  F1 to F6 in 4 pan (1979-1982) 
Cross No.of progenies at each gareratio~ Pedigree ............. ---_----..--.------- No, 
'1 F2 F3 '4 F5 F6 
700708-1-E-2 x 700626-E-1 3 4 -  
700626-E-1x700708-1-E-2 1 - 
700626-E-1-DM-1x700708-I-E-1 2 - 
3797-1-E-1-2x700626-Ell' 3 - 
700626-E-1xJ797-1-E-1-2 3 - 
700626-E-1-DM-1xJ797-1-E-3-4 1 - 
5797-1-E-3-4x700626-E-I-DM-1 1 - 
J797-1-E-1-2x700708-I-E-1 2 - 
700708-1-E-1xJ797-1-E-1-2 3 4 93 118 229 483' 
700708-1-E-1xJ797-1-E-1-1 1 
700708-1-E-3xJ797-1-E-1-1 4 9 118 82 81 - 
J2238-E-4-1xJ797-1-E-1-2 3 2 -  
J797-1-E-1-2xJ2238-E-2-1 2 2 -  
J797-1-E-3-4xJ2238-E-4-1 2 2 -  
700626-E-1-DM-lxJ2238-E-4-1 4 ' 5  11 - 
J2238-E-4-1x700626-E-1 2 - 
700708-1-E-1-DM- lxJ2238-E-4- 1 4 - 
52238-E-4-1x700708-1-E-1-IM-1 5 - 
J2238-E-4-1x700526-E-1 4 - 
700526-E-lxJ2238-E-4-1 4 - 
5797-1-E-3-4x700526-E-1 2 - 
700526-E-1xJ797-1-E-3-4 3 - 
Ex Bouchi 700638-3-2-E-1-1xJ797-1-E-1-3 3 - 
J797-1-E-1-~XEX B O U C ~ ~  700638-3-2-E.1-DM3 3 - 
Ex Bouchi 700638-3-2-E-1-DM-2xJ2238-E-4-1 3 - 
J2238-E-4-IXEX B O U C ~ ~  700638-3-2-E-1-DM-2 3 1 4 - 
..* ---.*..*..-.-*.-.--*---***-- 
Total 71 29 226 200 310 483 
a From 25 F6 lines 159 ergot-free hods were srlrcted for further walurtipn 
at F,. 
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Table 3 . 4 . 2 ~ .  Ergot react ions  o f  12 F l ine-bulks during the  1981-82 
post -ra iny season a t  I C ~ I S A T  Canter 
Ergot severity (k) 
EntryNo.  S1.No. Ident i ty  ---------------- 
~ ~ a n '  Range 
ImPE (8-1-4)-14-1 





" (10-2-2) -6-6 
I' (10-2-2) -6-5 
'I (10-2-2) -6-3 
" (6-1-2) -3-3 
I' (9-2-11-9-5 
'I (7-1-3)-17-1 
ICH 206 check 
a 
Mean o f  40 inoculated inf lorescences  from 2 reps.  
Table 3.4.3a. Ergot reactions and selections made for  ergot resis tant  plants i n  
the progenies of 8 crosses betwen ergot-low-suscaptible Fg l ines 
- 
Generation 
Fg - Cross P1 P2 p4 
Erg. sev. Erg. sev. Tines screened man l ines screened man 
0 1 (%I erg. sev. erg. sev. 
(2) range (%) range 
Ergot sev. mean based on F1-40 heads; F2-100 of the 500 inoculated bad$;  
Fg-40 heads in 2 reps; Fq-40 heads in 2 rsps. 
Parents 
- - - -  - - 
Erg. sev. based on 30 heads i n  3 reps. 
Table 3 . 4 . 3 .  Sunanary of the  progress made in  increasing levels  of ergot 
res i s tance  i n  the  progenies of crosses between ergot low 
susceptible Fg l i n e s  during 1980-82 
Gene- No, of No. of Percentage of l iner  i n  Year 4 Season ration lines plants  ergot sev, (I) c l a s s  
screened screened/ 
l ine  <lo 11-20 21-30 >30 
1980-81 post-rainy F1 8 4 0 37 63 0 0 
1981 rainy 8 pop. 500 0 0 12 88 F 2  
1981 -82 post-rainy F3 181 4 0 75 16 1 2  
1982 ra iny  68 5 4 0 77 14 8 1 F4 
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Table3.4&. Ergot reactions of 16 F4 bulks (ERF5xERP5) during the 1981-82 
post-rainy season at ICRISAT Center 
S1. 
No. Identity 
Ergot severity (%) 
hieana Range 
a Mean of 40 inoculated-inflorescences from 2 reps. 
Table 5.4.43. Performance of 167 F3 lines (ER F - X E R  F5)by SBC) for 
ergot resistance during the 1981-82 post-rainy season 
at ICRISAT Center 
Ergot severity (k) No. of l ines Percentage of 
class l ines 
a 41 of these l ines had agronomic scores o f  5 or less  on 1-9 scale 

Table 3.4.5a. Ergot react ions and days t o  75 percent flowering @TP) 
of 22 Fg/Fg bulks during t h e  1982 ra iny  s sum at 
ICRISAT Center and Aurangabad 
6 1  
No. Entry 
DTF mana ergot MY. (t i  
I CRI SAT nxf!m A f b a  
ICMPES- 4 59 
I W E S -  5 52 
ICMPES- 6* 58 
ICMPES- 7* 6 5 
ICMPES- 8* 58 





WC-C-7 5 (Check) 47 
ICMS 7703 (Check) 49 
BK-560 (Check) 3 9 
%ased on 20-40 inoculated heads i n  2 rep l ica t ions .  
* 
Agronomically gcod e n t r i e s  a t  Aurangabrd. 
Table 3 . 4 . m  Evaluation of ergot r e s i s t a n t  sib-bulks for ergot reac t ions  
and gra in  y ie lds  during the  1982 ra iny seasan 
Entry Mean ergot sever i tya  (%) ICRISAT Aurangabad 
Center Canter 
ICMPES - 1 1 1 725 809 
ICMPES - 2 










a Based on 60-120 inoculated heads i n  3 r ep l i ca t ions .  
Ilrrr! of 3 r ep l i ca t ions ,  p lo t  s i z e  2rows x 4m. 
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Table 3 .UErgot  reactions of  test-cross hybrids using ergot rdnut (ER) 11, 
as poll inators 
year Percentage of  hybrids i n  '1 &got severity 0 )  ranpe 
hybrids 
r( 11-20 21-50 > 50 
1982 ER Qg-Fg 4'9 92 8 0 0 
SC-2 13)s-4 Sels  55 45 29 20 6 
.. 
SP = short protogyny 
1588 = [ 1 1 1 ~  x (1118 x 314 soma-59-2-21-2 
1590 = [ 11 1-3 
1592 [ I t  1-4 
1594 ..[ 1 1  1-6 
Table 3.5.2b. Ergot reactions and selection made of ergot resis tant  p l a n t s i n t h e  progenies of crosses between 
B l ines  x ergot-low-rusceptible F4 l ines 
Cross Pedigree F2 (1980-81 F3 (1981 P4 (1981-82 Pg (1982 No. post-rainy) rainy) post -rainy) rainy) 
ERplants Erg. ERplants Erg. ERplants Erg. No. of plants 
sel .  sev. se l .  sev. se l .  sev. selected 
=.a"@ range range 
Total plants selected 73 
No. of plants screened 5600 
Frequency of selection (%) 1.3 
Table 3 . 5 . 2 ~ .  Select ion of ergot r e s i s t a n t  (ER) p lan t s  i n  t h e  progenies of crorsos 
between B l i n e s  x ER F7 l i n e s  1981-82 
P2 
Cross Pedi gree Erg. ER p lan t s  
3 
ER ;lant$ 
No. sev. selected Erg' sev, selected 
range I 
1.  (51418 x ICMPE 134-6-9)-3 58 14 0-49 13 
2. 134-6-9)-11 64 8 1-47 6 
3. 'I 134-6-9)-10 59 5 1-37 6 
4. " " 134-6-9)-8 . 53 4 1-30 2 
5. " 134-6-9)-5 69 5 1-21 6 
9. (50548 x ICMPE 134-6-9)-9 
II " 134-6-9)-1 
11 " " 134-6-18)-4 
12 (1118 X ICMPE 134-6-9)-12 
13 134-6-9) -13 
14 134-6-9) -6 
15 " " 134-6-9)-1 
17 (BIB x ICMPE 134-6-9)-14 35 5 1-30 3 
18 " 134-6-9)-15 50 6 2 -49 2 
19 " 134-6-9)-7 36 8 . 2-14 4 
Total ER p l a n t s  selected 111 67 
Ik, of p l a n t s  screened 3779 555 
+cy of s e l .  PI 2.9 12.1 
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Table 3 . 5 . 3 .  Promising ergot res is tant  d n t a i n e r t  
on 50S4A, S141A, and ICM MS 81 
Pedigree No. of No. o f  s o l s .  h t h  
-1s. %8 a 
ergot s sv .  
TCMPE 134-6-9 23 
ICMPE 134-6-18 13 
ICMPE 13-6-8 1 
ICMPE 13-6-9 1 28b 2 7 
I m P E  13-6-28 
'Based on 10 inoculated inflorascences/l i  no. 
b112 s ing le  plant maintainert ware selected for 
further u t i l i  ration. 
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Table 3 . 5 . 4 .  Attempt to  transfer ergot resistance. in ' R '  and '6' l i n e s  
(K-'82) 
Ergot reverity 0 ) '  
Rs an -go 
ICP 220 P2 x ER 110-2 P2 
ER 110-2 P2 x ICP 220 P2 
5054 B P3 
ICP 220 P2 
%assd on 10 head obs. for crosses and 5 head obs. for parents. 
ER 126-1 - ICMPE 13-6-9-1 - maintainer on 5054A. 
ER 110-2 - @C-298-3 x SC-Z(Ml5-4-5-4-11-2 -restorer on 5054A. 
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Table 3.5,'s. Effect of cytoplasm on ergot resistancb- (K-82) 
Parents and Cross 
(F1) Meana ergot severity (I) 
5054-A x ICP 220 P1 
5054-8 x ICP 220 P1 
ICP 220 P1 x 5054-B 
5054-A x ER 110-2 
5054-8 x ER 110-2 
ER 110-2 x 5054-B 
a Based on 15 inflorescences in 3 replications. 
Table 3 . 5 . 6 .  Ergot reactions and grain y ie lds  of  ergot res istant  
synthetics (1980-1981) 
Year Synthetic Ergot severitya ' b Yield 
(%I (Kg/ha) 
1980 ICMS 8031 
ICMS 8032 . 
ICMS 8034 
Nc -C7 5 
BJ-104 
1981 ICMS 8102 4 9 - C 
a Mean of  10-20 open inoculated infloresce&es. 
Mean of 3 locat ions PHF, PLF anU Bhavanisagar . 
Data not avai lable .  
Table 3.5.7. Ergot suscept ibi l i ty  of scme released and F . p r d  hybrids 
and var ie t i es  under natural conditions during the 1981 r d n y  
season a t  ICRISAT Center farm 
Ergot infection (%) 
Incidence Severity 




ICMS 7 7 0 3 ~  
a Incidence and severity based on 100 heads fran the c e n t n l  
2 rows i n  the ICRISAT demonstration plot.  
Incidence and severity bared on 400 heads i n  4 replications- 
Physiology expt. 
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Table 3.6.1.  Pollen managemant t o  control ergot r l n a p u l  d l l e t  
hybrid 
Treatment ~ r g o t  infectiona Grdn yielda Tnc. (8) ~ e v . m  '1000 grain ~ i e l d / ~ l o t ~  
* el 
%an of 2 replications. 
b ~ l o t  s i z e  16 rows x l h .  
C~rgot- low susceptible pollen-donor l ine which 
flowers earl ier  than the hybrid. 
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- Studies uere made on morphological and c u l t u r a l  characters o f  the 
smut pathogen, IQLYOPIOP~JYI ~ e n i 5 i U l ~ i a ~  a d  l ~ t h o d  t o  obtain 
inoculum i n  large quan t i t i es  f o r  f i e l d  screening was developed. 
-Trans Br.Mycol.Soc ( i n  press). 
- P o l l i n a t i o n  o f  smut Inoculated i n f  lorescences reduced u u t  
development s i g n i f i c a n t l y  corparhd w i th  Inoculated n o ~ p o l l i n a t e d  
inflorescences. This had impl icat ians i n  developing the 
saut-screening technlquc. 
-Plant Pathology ( I n  press). 
- The smut screening technique developed i n  1980 has 8ucce88fulLy 
been used during the 1981 and 1982 ra iny  seasons on a largo scale 
a t  ICRISAT Center. 
-Phytopathology ( i n  press). 
About 500 smut res is tan t  s lng le p lan t  se lect ions ($4) from the 
1980 gernplasms (S3) i n  the advanced screen, w r e  screenod as 
plant-to-row progeny i n  the 1981 ra iny  season a t  H i s u r ;  94% o f  
the l i nes  showed high levels  o f  res ls tmce  (t 5% w a n  sever i ty) .  
Similar ly,  340 (S5) se lect ions frm 79 S4 selected I n  1981 s c r e m  
and grouped I n t o  dwarf, medium-tall, and t a l l ,  were screemd I n  
the 1982 ra iny  season a t  ICRISAT Center; 93% o f  these shoved 
h igh resistance. 
- AICMIP t r i a l  en t r ies  - 78 hybrids and 68 populat ions i n  four 
t r i a l s  uere screened and only 8 hybrids and 16 populat ions shared 
Z 10% smut severl ty.  
- PMSN ent f ls  - i n  2 years (1981 and 1982) 73 smut r e s i s t m t  
e n t r i e s  uere evaluated i n  rep l icated t r i a l s  a t  Hlssar and ICRISAT 
Center; about 95% o f  the en t r ies  showed h igh leve ls  o f  
resistance fl 5%) across two locations. 
- ~ u l t i l o c a t i o n a l  t e s t i n g  of smut r e s l s t m t  Lines was continued and 
several l i n e s  w i t h  h igh Levels o f  smut res ls tmce  were i d e n t i f i e d  
(IFNSN repor ts  - P.M. Path. 65 and 77). Two L I n n  (SSC 
FS-252-S-4 and I C I  7517-S-11 have shown s t a b i l i t y  o f  r e s i s t n c e  
across locat lons I n  I n d i a  and West A f r i ca  over 3-5 years. 
- From the f i r s t  set o f  crosses botwem u u t  res is tan t  lines, 514 F4 
l i n e s  representing 28 crosses uere screen8d I n  the  1981 ra iny  
season a t  HIssar and 98% o f  the l i n e s  shoued h igh leve ls  of 
r e s i s t m c e  (* 5X severl ty).  Five hundred md t h i r t e e n  ~ l e c t l o n r  
from these l i n e s  were grouped i n t o  t a l l ,  r d i u  t a l l  a d  durrt 
w i t h  varylng matur i ty  periods. Many o f  there F5 L l n w  (WZ) 
s c r e o n d  I n  the 1982 ra iny  season were h igh ly  res is tan t  md i n  
each group smut res is tan t  Lines w i th  goad a g r o n a i c  t r a i t s  uere 
iden t i f i ed .  A s i m i l a r  approach i s  being followed i n  other sets 
o f  crosses w i th  major emphasis on se lect ing high smut r e s i s t m t  
p lants  i n  agronomically e l i t e  progenies. 
- Crosses between smut res is tant  and agronaric e l i t e  Lines pcav1d.d 
smut res is tan t  good agronomic Lines a t  F4 md FS Qenerations. 
- Attempt t o  incorporate smut resistance i n  I ~ M  ms 8l th-h 
crosses between 23D2B ( I )  x smut res is tan t  Lines con t inwd ' t o  
provide many smut res is tan t  p lants  a t  F4 and FS stages and 88 FS 
Lines were i d e n t i f i e d  as maintainerr on ICR ma 81. These L i n n  
are being u t i l i z e d  i n  a backcross program t o  convert them i n t o  
smut res is tan t  ms Lines. 
- A L L  the F l  hybrids, produced using nine smut res is tan t  Liner as 
p o l l l n a t o r s  on three ms Lines ( l l l A ,  5054A and 5141A) shoued high 
suscep t ib iL i t y  t o  smut 020% severity) ind ica t ing  resistance I s  
recessive. 
- The smut res is tan t  composite (SRC), made using 37 smut res is tan t  
l i n e s  i n  1978, i t s  C2, C3 progenies, and several e x p e r i r n t a l  
v a r i e t i e s  were screened. The percentage o f  progenies shoring 
h igh Levels o f  smut resistance.increased a t  each cycle and 4 o f  9 
experimental v a r i e t i e s  shoued t 10% smut severi ty.  
- Two synthet ics const i tu ted using 13 smut resistant Lines, shared. 
very high resistance t o  paut ((1% sever i ty)  and Looked 
agronoclically inprassive during the 1982 ra iny season. 
4 2 gjoLm @i&alP19~~ 
4 -2 1 .sMh.z en Us4-m of IB~YR~_~PP~~M enniriUrrirs- S P O ~ ~  1 1s 
o f  I&pgsg~rjyg gnigiLCp_rigc Bref. varied i n  shape from 
c i r c u l a r  t o  near- polyhedral a d  measured 42-325 pa x 50-175 p. 
F i g .  The n u d e r  of te l iospores aggregated i n  b a l l s  var ied 
f roa 200 t o  1400. Teliospores were m r t l y  c i r c u l a r  and r a s u r d  
7-12 pa i n  diameter. D i f f e r e n t  pat terns o f  ~ e r m i n a t i o n  n t e  
observed (Flg.2). Uaximh germination o f  te l iospores r g g r e ~ l t e d  
i n  b a l l s  occurred a t  30 C (Fig.3). krch v a r i r b i l l t y  ws observed 
i n  c u l t u r a l  characters of the (art-n groun on d i f f e r e n t  &fa 
(?able 4.2.ta; Figs.4-73. The fungus wrw wel l  w l t h i n  3-5 days 
on p o t r t o / c i r r o t  q a r  a t  35 C (Trble i.2.1b). Growth o f  tk 
Fig. 1. Sporeballs of Tolypospariwn penici l lmiae . 
Pig. 2 .  Patterns of teliospore gemination i n  Tolyposporim penio.22-e 
1 0 0  I I I 
10 15 20 2 5 30 35 40 45 
Temperature 'C 
Fig.  3. The percentage germinat ion o f  sporeba l l s  o f  ToZypoeporiwn 
peniciZZariae incubated f o r  13 h i n  water a t  6 temperatures. 

fungus remained pure ly  spor id ia l  even a f t e r  r e p r r t d  
subculturing. Sporidia uere borne on p ro~yce l ia , la te ra l l y  and/or 
tern ina l ly ,  and these reproduced by budding i n  chains (Fig.2). 
Sporidia mere spindle-shaped and varied i n  length f roa  8-25 pa. 
Ind iv idua l  separated te l lo rpores  seldom germinated (Fig.8). 
Cultures stored f o r  90 days a t  10 C produced chlanydospores 
(Fig.9). I n  inoculat ion test, s p o r i d i r l  inoculum proved most 
i n f e c t i v e  f o r  use I n  Large-scale f i e l d  screening. 
4.2.2.Egsg5 ~f e g i i j g ~ $ j , o ~  Qg f i ~ g t  h y g l ~ w s .  I n  f l e l d  and 
screenhouse experiments, p o l l i n a t i o n  of inflorescences of three 
pear l  m i l l e t  F1 hybrids and two ms-lines u i t h  fresh v iab le 
pollen, 5-8 days a f t e r  inoculat ion w i th  a I, ~ g b j l l & [ i & g  
s p o r i d i a l  suspension, reduced smut sever i t i es  s i g n i f i c a n t l y  
compared w i th  inoculated, non-poll inated contro l  p lants  (Table 
O.2.2a). Smut development was not s i g n i f i c a n t l y  reduced i n  a ms 
Line f o l l o u i n g  p o l l i n a t i o n  o f  inoculated inflorescences w i th  
po l len  of Lou v i a b i l i t y  (Table 4.2.2b). The f ind ings showed tha t  
i t  i s  essent ia l  t o  prevent p o l l i n a t i o n  f o r  screening t o  be 
e f f e c t i v e  t o  detect smut res is tmce  i n  pear l  m i l l e t .  
4 . 2 g 3 = W ~ ~ t  ot field s~rrrn!~ic~ tshn,ina fnr lwvs ~ ~ t h S m i t =  
To develop m e f f e c t i v e  f i e l d  s c r e a n f ~  technique the fo l low ing  
fac to rs  were studied. 
i) &&gll &~plyl& ]lg y i m .  Freshly co l lected s p o r e b l i s  
from tho in fec ted  inflore8cences produced llore t h n  80% 
~ n i m t i o n  i n  a t e r i l e  d l s t l l l e d  u r t e r  a t  25 C white tho80 s t o n d  
a t  10 C f o r  v r r t o u r  t iae  prrlod (1-61 months) had r W  
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germination percentage wi th increased storage ti- (Fig. 10). 
$1, gftfit ~ B S , U ~ #  gafkgg: Sporidia grouk on potato agar 
f o r  3-20 days a t  35 C were most i n fec t i ve  compared wi th  other 
inoculum sources (Table 4.2.3a). 
iii> If fs f  d f h r r l o a  nfaas i f  In~rrhf i~c :  Inoculations mrde 
a t  the boot-leaf stage produced s ign i f i can t l y  higher smut than a t  
the other stages of f lowering (Table 4.2.3b). 
i v )  Ef&f gf lcgggAgg cncgg@$mfip~a. Sporidial concentratipns 
of 3 .2~10~spor id ia /n l  and above produced s ign i f i can t l y  more smut 
than lower concentrations (Tabla 4.2.3~). 
v)gifpgs of fyppl pf baas. Covering the inoculated "boot" w i th  
parchment bag produced s ign i f i ca tn l y  more smut than polythene 
bags i n  the f i e l d  but opposite resu l ts  were obtained i n  the 
screenhouse (Table 4.2.3d). 
v i )  Effe~u 94 fgmidF$y. Maintaining high re la t i ve  humidity 
(>80X) f o r  about 16 h e;ery day during the period from 
inoculat ion t o  disease development, wi th spr inkler  i r r iga t ion ,  
* 
provided 92% smut compared wi th only 19% when the safne humidity 
uas maintained fo r  about 7 h (Table 4.2.3e). 
Based on the resu l ts  reported above an e f fec t ive  f i e l d  screening 
technique was developed which involves inoculat ion o f  t i l l e r s  a t  
the boot-leaf stage by i n j ec t i ng  a spor id ia l  suspension (ca 1x106 
sporidia/ml) f rorn v iable sporeballs of I, gg,nigiAAaligg grown i n  
potato/carrot agar a t  35 C i n t o  the space around the 
inflorescence wi th in  the f l a g  leaf  sheath followed by covering 
the t i l l e r  "boots" wi th parchnent bags t o  prevent p o l l i n a t i o n  and 
t o  assist  i n  maintaining'hunidity. N i ~ h  umidity was maintained 
w i th  frequent overhead 3pr inklar  i r r i g a t i o n  throughout the per iod 

Storage time (months) 
F i g .  10. Germination of l 'oZypo.~poriim pi,niciZZu- 
r i a e s p o r e b a l l s a f t e r  s t o r a g e f o r d i f f e r -  
e n t  time periods a t  10°C 
o f  inoculat ion, f lowering and g ra in  development (Table 4.2.3.). 
Inf lorescences were scored f o r  smut react ion 20-25 days a f t e r  
i nocu la t ion  u i t h  the a i d  of a standard key developed t o  estimate 
percent sever i t y  (Fig.11). This technique was used i n  the f i e l d  
dur ing  the  1981 ra iny  season t o  screen more than 200 pear l  m i l l e t  
l ines.  Resistance was conf i r w d  i n  a few l i nes  and many 
r e s i s t a n t  p lan ts  w i t h  selfed seeds were selected (Table 4.2.3f). 
During the 1982 ra iny season, the nursery was operated on a large 
scale and about 3,000 en t r ies  were screened the d e t a i l s  of which 
are described below. 
4=3-1*Sbk_cqSions frog th,e 128P grmm. 3) &m&m L~Ds.   bout 
500 smut res is tan t  ind iv idua l  p lan t  se lect ions from germplasm 
Lines (S3) o r i g i n a t i n g  from Nigeria, Mali, and Senegal were 
screened as S4 l i nes  i n  the 1981 ra iny season a t  Hissar. Ten 
p l a n t s  i n  each Line were in ject - inoculated w i th  24 h r  
water-soaked sporebal ls o f  L gpJplU#gigp and b8gg.d u i t h  
parchment bags. A large number o f  l i nes  (94%) showed h igh leve ls  
o f  res is tance ( t 5 X )  and 340 s ing le  p lan ts  from 79 SI, l i nes  were 
se lected f o r  evaluat ion as S5 l i n e s  (Table 4.3.1). During the 
1982 ra iny  season these l i nes  were grouped i n t o  duarf, 
r e d i u r t a l L ,  and t a l l ,  w i th  other F4 and FS Lines derived from 
res is tance development sub-project and screened a t  ICRISAT Center 
f o l l w l n g  the  improved screening technique. 
11) ma ggLggt9gg. - 306 smut res is t8n t  se lect ions f ra  
the 1981 PWSN, uere screened a t  ICRISAT Center dur ing the 1982 
ra iny season and 85% o f  these showed 25% smut ; sever i ty  (Table 
4.3.1).  Ye selected 212 smut-free p lan ts  foa 47 Lines f o r  
fu r the r  evaluation. 
iii) JPPLJ &~ig$jg,n-~. - O f  111 se lect ions screened i n  the 1982 
ra iny season at  ICRISAT Center, 91% o f  Lines showed Q% smut 
e 
sever i t y  and 78 p lants  from 18 l i nes  were selepd; 
i v )  12_81 ggke_cupcs. O f  9 select ions screened, although 7 
showed 2 5 %  smut no se iect ion was made because o f  poor se l fed seed 
set. 
v) Snit J g s j g t ~ f  $pe~&fjt,g !jgL~t,ipng. O f  the 50 se lect ions 
screened, only 8 p lan ts  from 2 Lines uere selected. 
4.3.2. _AJBx Qjgl  e_nt,rje,r. During the ra iny seasons o f  1981 and 
. 
1982, 78 hybrids and 68 populat ions (va r ie t ies )  i n  four  t r i a l s  
were screened a t  ICRISAT Center. Only 8 hybrids and 16 v a r i e t i e s  
showed resistance t o  smut w i th  mean smut sever i t i es  of not  more 
than 10% (Table 4.3.2). I n  1981 screening was done i n  saut 
nursery where disease pressure was adequate (91% sever i t y  on 
BJ-104). I n  1982, screening wai done i n  MDIJ where inoculat ions 
were made on l a t e  t i l l e r s ,  but without sp r ink le r  i r r i ga t ion ,  
r e s u l t i n g  i n  only 48% saut sever i t y  on BJ-104. I n  1981 most sf 
the hybrids showed > 50X mean smut w v t r i t i e s  but v a r i e t i e s  i n  
g r c r a l ,  developed Less smut. Since the number of hybrids and 
v r r i r t i e s  w i t h  h igh u'ut r u s i r t m c e  i s  Low and raut ~ s i s t r n t  

Lines are being supplied from ICRISAT, major e f f o r t s  are muW 
t o  breed f o r  smut resistance i n  the Ind ian M i l l e t  Progru. 
4 - 3 3 .  tggfgf mcrgjgg. During the 1981 ra iny season 109 
e n t r i e s  i n  4 t r i a l s  (PHIST-2, IPMAT-7, IPREN and IPmII I )  w n  
screened a t  Hissar. Smut inoculat ions were u d e  by i n j e c t i n g  24 
h r  water-soaked sporeballs i n t o  the "boot" and then covering w i t h  
parchaent bags. Because of dry weather a t  f lowering, uwt 
development uas not adequate (<MX sever i ty  on the suscrpt lb le  
check), and therefore most of the ent r ies showed 2 10X m a n  wt 
sever i t y  (Table 4.3.3). 
4.3.4. ,Pgsd BiJCgt Qgt_ lgrgenlPMs,NN. Promising saut rest s tant  
l i n e s  uhich uere not included i n  the IPMSN f o r  wl t iLocat ionaL.  
t e s t i n g  were evaluated i n  a rep l icated t r i a l .  There uere 39 
e n t r i e s  i n  1981 and 34 i n  1982. Screening was done i n  both the 
years a t  tuo Locations-ICRISAT Center and Hissar. Results 
Sullmarised i n  Table 4.3.4 show tha t  most of the en t r ies  w r e  
h igh ly  res is tan t  (* 5% mean saut sever i t ies)  coapared w i th  37-60% 
and 15-26% on the susceptible check, a t  ICRISAT and H i s u r ,  
respect ively. Some of these Lines w i l l  bc included i n  the 1983 
IPHSN f o r  mu l t i  l oca t ion  evaluation. 
4.3.5. InterngfjoggC gggyL fillet Sgyt &[=a <IESBl. The 1981 
IPRSN w i th  29 t e s t  ent r ies was evaluated a t  4 West Af r ican and 3 
Ind ian  Locations. Seven ent i res were h igh ly  r e s l s t n t  w i t h  
across Locations mean smut sever i t ies o f  2 t o  5% except a t  K.no 
(Nigeria) where the man sever i t ies ranged from 8 t o  32% (1-U 
Report 1981. PH Path. 65) .  The 1982 IPMSN cons i s t4  28 tes t  
entr ies and was evaLuated a t  2 locations i n  Mest ,Afr ica and 3 
Locations i n  India. The r a n  smut s w e r i t i e s  of test  entr ies 
across locations varied between < 1 and 7% compared wi th 43% cm 
the susceptibLe check (ICH-220). Fi f teen entr ies showed wan 
smut severity of < 1% across locations wi th u x i w m  severity of 
not more than 2% at  any one locat lon (IPHSN Report 1982. M 
Path. 77). Two entr ies (SSC FS 252-5-4 and I C I  7517-S-1) have 
shoun s t a b i l i t y  o f  resistance across Locations w e r  3 t o  5 yearn 
of tes t ing  (Table 4.3.5). 
UnLike ergot resistance, we uere able t o  i den t i f y  severaL 
plants from some ge rg lasn  Lines which w i th in  3-4 cycles of 
select ion i n  the u u t  nursery provided high Levels of mut 
resistance. A few of these l ines Like SSC-FS-2524-4, I C I  
* 
7517-S-1, EB 132-2-8-5-2-011-1, P-489-S-3, and several others have 
shoun high Levels o f  resistance w e r  3-5 y r  of u l t i l o c a t i o ~ l  
testing. Most of these lines, however, are agronaicaLly 
unacceptable. Yc therefore di rected our efforts, on a Limited 
scale, t o  select smut resistant  p lants w i th  &sirable agrona ic  
t r a i t s  i n  the progenies of crosses between smut resistant  Lines. 
By the 1982 rainy season we could select n n y  F4 Lines which have 
good agronomic t r a i t s  i n  add$tion t o  high r u t  res i s tncc .  These 
Lines a n  being preferrclql fo r  u t i l i z a t i o n  by wr b r d r s .  
4.4.1 U m g p  --'id Tho f in t  set of crosses (plant x 
p l a n t )  were attempted dur ing summer 1978 involving 14 s w t  
resistant Lines a t  ICRISAT Center and 118 F ls  w r e  gwwr8t.d. 
Progeny Lines (Fl-F4) w r e  screened a t  H i s n r  and a t  each 
generation smut res is tan t  p lan ts  were selectod (Table 4.4.1). 
During the 1981 ra iny season 514 F4 Lines f r a  28 crosses w n  
screened and 508 o f  these showed high leve ls  o f  smut r e S i S t ~ c e  
H5X r a n  sever i ty) .  There L I M S  have k e n  grouped t o  represent 
t a l l ,  n d l u m  t a l l  and dwarf Llnes and F5 progeny Lines were 
evaluated a t  ICRISAT Center durlng the 1982 ra lny  season. Many 
o f  these l i n e s  possess good agronomic t r a i t s  besides ,high smut 
res is tance (Table 4.4.4). 
4-4.2. Retir fgngg d s s l m A  u. I n  s m m r  1979, crosses were 
made between four smut resfs tant  l i n e r  which had shown h lgh 
Levels o f  resistance ( < l X  wan u v e r l t y )  i n  the 1978 IPRSN. 
These l i n e s  are SSC FS-252, EB 24-1, EB 137-1-1, and YC FS 148. 
F ive F2 populat ions were screened dur ing the 1980 ra iny  season a t  
Hissar rnd 123 smut-free s ing le  heads w i th  se l fed  seed w r e  
selected. F3 l i nes  were screened i n  the 1981 ra iny season a d  90 
s w t - f r e e  heads were selected which were screened as F4 progeny 
Llnes a t  ICRISAT Center i n  the 1982 ra iny  season. Froa 25 F4 
Llnes 127 smut-free p lan ts  have been selected f o r  f u r t h e r  
evaluat lon (Table 4.4.2). A Large number of Lines have shown 
h lgh  Levels of smut resistance a t  each generation. Many o f  the 
F4 Lines have s h w n  good LeveLs o f  resistance t o  downy mildew a d  
possess good agronoaic t r a l t s  also. 
4 . 4 . 3 . m m ~ f l  WdYrhPPlDf UI. The t h i r d  Set of CrOS8eS wrr 
made dur ing summer 1980 a t  ICRISAT Center be tuem the  rut 
rr:sistant progenies i d e n t i f i e d  i n  the  1979 U L t i  LocationaL 
test ing.  F ive smut r e s i s t a n t  Lines ( I C I  7517-S-1, SSC fS 
252-5-4, P-10-S-1, UC FS 151-S-1-1 EB 229-4-1--1) w r e  
involved which had undergone several c.yc1es o f  se lec t ion  f o r  r u t  
res is tance a t  Hissar. Four F ls  and. 4F2 populat ions ~ e n e r a t e d  
from 5 Lines were screened a t  Hissar dur ing the  1980 and 1981 
r a i n y  seasons, respect ively. I n  F l  a  minimum o f  20 p lants /cross 
uere inoculated and i n  F2, 200 p l m t s / c r o s s  and pesis tant  p lan ts  
u i t h  good selfed-seed uere selected. One hundred , th i r t y - th ree  F3 
I 
l i n e s  were screened a i  ICRISAT Center dur ing the 1982 ra iny  
season, fo l l ow ing  the development o f  f ield-screening technique i n  
1981. A t  F3, 10 pLants/ l ine were screened and 157 smut-free 
p lan ts  uere se lected f o r  evaluat ion as F4 Lines (Table 4.4.3). 
Most o f  the Lines showed h igh Levels o f  resistance R5X sever i t y )  
a t  F3 stage combined w i t h  good a g r o n a i c  t r a i t s .  
4.1.4. gydyelh_n gf er&fin,g a g g  rreigsgn,$ fz gmf. During the 
1981 ra iny  season selected F3 l i n e s  from crosses i n v o l v i n g  14 
smut r e s i s t a n t  l i n e s  uere screened a t  3 Locations Hissar, ICRISAT 
Center end Banbey i n  e 2-repl icate t r i a l .  Screening uas done by 
inocu la t ions  a t  ICRISAT Center and Hissar and simply by bagging 
(wi thout  inocu la t ion )  a t  Bambey. Smut react ions o f  43 F3 l i n e s  
and t h e i r  5  parents e re  presented i n  (Table 4.4.4). E ight  o f  the  
43 F3 Lines reaalned smut-free a t  a l l  3 Loc~t ions,  17 e n t r i e s  
showed wan s e v e r i t i e s  of no$ more than 1% md the  remaining 
l i n e s  had mean s e v e r i t i e s  &tween 2 md 11% compared u i t h  43% 
s e v e r i t y  on t h e  suscept ib le  cha.ek (ICH-ZZO) ( ~ a b t t  4.4.4). brig 
5 Parents only SSC-FS-252-S-4 remained smut-free while the 
remalning 4 had mean smut sever i t ies between 7 and 16%. 
4.4.5.&g$ rgfiptgnt ggrepsjc ~ C j t q  ~JQSS: I n  the smut nurseries at  
Hissar and ICRISAT Center, during the 1981 ra iny season, i n  
cooperation wi th  breeders smut res is tant  l i nes  were evaluated f o r  
t h e i r  agronomic worth. Of about 1900 entr ies a t  Hissar we (RPT, 
SBC and KVSR) selected 49 entr ies which had desirable agronomic 
t r a i t s  i n  addi t ion t o  t h e i r  high smut resistance and there were 
11 common en t r ies  good at  both locat ions (Table 4.4.5). Some o f  
these l i nes  are d i rec t  se lect ion ($4 or S5) from germplasm l ines  
and others from crosses between smut res is tant  Lines a t  F4 or F5 
stage. Several of these Lines were included i n  the 1982 IPMSN 
f o r  mu l t i l oca t iona l  testing. 
4-4.6. EvfCygtjen pf gdvqq~gd S Q Y ~  fq~igfgn: lingg If2 222: smut 
res is tan t  select ions from the 1981 screen were grouped i n t o  three 
height groups - ta l l ,  medium-tall, and dwarf and were screened 
dur ing the 1982 rainy season at  ICRISAT Center fo l lowing the 
iaproved screening technique. A minimum of 10 p lants  were 
inoculated i n  each Line. O f  1065 l ines screened more than 90% o f  
the Lines showed very high Levels of smut resistance (Table 
4.4.6). Among the t e l l  entries, which are mainly select ions from 
geraplasm Lines, 89% o f  487 entries, 96% o f  486 medium t a l l  
entries, and 94% o f  63 dwarf ent r ies showed /c 5% smut severi ty.  
k i s t  of the mediunr ta l l  and dwarf en t r ies  are the progenies 
selected from crosses involv ing smut res is tant  Lines. The basis 
of grouping i n t o  three height groups i s  the height of 
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BJ-104 which we considered a medium t a l l  entry. 
This has been an i n t e r e s t i n g  exercise i n  I L e c t i n g  smut 
res is tan t  Lines i n  various height classes uhich w i l l  bc use fu l  t o  
breeders. 
4.5.1 .J~~c_oyy~_c_n; k r  gg_rpmam_jc tc~l;~: Tuo germplasm Lines, EB 
237-3-1 and EB 132-2 uhich remained smut-free dur ing the 1977 
screening a t  Hissar, were crossed t o  5 agronomic e l i t e  inbreds 
C(B282 x ~604-1-21-2j, (J25-1 x 700797-1 -5-21, (J934-7 x 
700797-1 9-1 -5),  (J1 D4 x 700641 -6-1 1, (70-1 x 700594-5-1 1 I 
developed i n  the breeding program. Crosses were made dur ing the 
summer 1978 (by BST) and 50 F ls  were generated. Progenies (F1 t o  
F4) were screened dur ing the ra iny  seasons 1978 t o  1981 a t  Hissar 
and se lect ions f o r  smut resistance were made,at each generat ion 
fo l low ing  pedigree se lec t ion  method. S t a r t i n g  w i th  50 crosses a t  
t 
F1 and F2 generations, on ly  8 crosses provided most res is tan t  
p lan ts  upto F4 generations. A L L  158 F4 progeny Lines screened 
dur ing the 1981 ra iny  season, showed h igh Levels o f  smut 
resistance (e5X mean sever i ty)  and 166 smut-free p lan ts  were 
selected from 47 F4 Lines f o r  f u r t h e r  evaLuation (Table 4.5.la). 
These were grouped i n t o ' t a l l ,  medium t a l l  and dwarf e n t r i e s  and 
screened alongwith other en t r ies  dur ing the 1982 ra iny  season a t  
I C R I S A T  Center (Table 4.4.6). Several o f  these Lines which 
shwed good agronomic t r a i t s  were included i n  the  IPRSN fo r  
m u l t i l o c a t i o n a l  t e s t i n g  i n  1.982. Sore o f  thsse l i n e s  were a lso  
used by breeders i n  d e v e l o p i i l ~  synthet4cs and as msdr tance 
sources i n  the hybr id  program. 
Another attempt was made (by KAK) t o  cross smut res is tan t  
Lines t o  EC-298-3, a high t i l l e r i n g ,  e a r l y  maturing l ine.  Seven 
smut res is tan t  Lines w i th  smut sever i ty  range o f  0 t o  8% were 
crossed w i th  EC-298-3 during the summer 1979 and 7 F ls  were 
generated. Progeny l i nes  ( F l  t o  F3) were screened a t  Hissar 
dur ing the 1979-'81 ra iny seasons and F4 Lines were screened a t  
ICRISAT Center during the 1982 ra iny season. A t  each ~ e n e r a t l o n  
smut-free, h i g h - t i l l e r i n g  p lants  were selected. A t  F4, 25 o f  the 
26 Lines showed high Levels o f  smut resistance C'c 5X sever i ty)  
but  only 2 p lants  w i th  desired agronomic t r a i t s  could be selected 
(Table 4.5.lb). 
4.5-2. Ic2fiff' 21 fzgt rg&t~ncg in JQ! as 81. Progenies derived. 
from the mutagen t reated 23 D2A and B showed high s u s c e p t i b i l i t y  
t o  smut dur ing the 1977 ra iny season a t  Hissar. To incorporate 
smut resistance i n t o  downy mildew res is tan t  version of 23 026, 
crosses were made between 23 D2B (Improved) X smut res is tan t  
l i n e s  i n  summer 1978. Five smut res is tan t  Lines (EB 24-1, EB 
74-3, €0 137-1-1, WC FS 148 and SSC FS 252) which showed < 1% 
smut sever i t y  were used t o  generate 18 F ls  (p lant  x p lant ) .  F l s  
were grown i n  the 1979 ra iny season a t  Hissar and F2 (10 rows o f  
4m each) i n  the 1980 ra iny season. Screening was done by 
inocu la t ing  only dwarf p lants  i n  each population. S ix ty  seven 
smut res is tan t  p lants  r( 10X smut) were selected and these were 
grown as F3 Lines during the 1981 summer season a t  ICRISAT Center 
t o  make t e s t  crosses onto I C M  ms 81 p r i m a r i l y  t o  evaluate t h o  
maintenance a b i l i t y .  I n  the 1981 ra iny season, t e s t  crosses (n 
only) and the F4 progenies (66) were evaluated i n  the saut 
nursery a t  Hissar. 
Test crosses showed higher s u s c e p t i b i l i t y  t o  smut than F4 
progenies where 57 o f  66 F4 Lines had 2 10% snut sever i t y  
compared w i t h  only  1 o f  the 57 t e s t  crosses w i t h  C 10% sever i t y  
(Table 4.5.2). Test crosses were evaluated f o r  t h e i r  
s t e r i l e / f e r t i l e  react ions a t  ICRISAT Center. O f  57 t e s t  crosses, 
23 uere s te r i l e ,  19 f e r t i l e ,  10 s t e r i l e / f e r t i l e  and 5 
f e r t i l e l s t e r i l e  depending on the frequency o f  s t e r i l e  p lan ts  i n  
the entry. The mean smut sever i t y  on s t e r i l e  t e s t  crosses was 
more (47%) than on f e r t i l e  t e s t  crosses (34%) w i th  range varying 
from 10 t o  85% f o r  s t e r i l e s  and 16 t o  53% f o r  f e r t i l e s .  
From 66 F4 Lines screened a t  Hissar i n  the 1981 ra iny  
reason, 95 smut res is tan t  p lan ts  were selected which were 
screened as F5 Lines a t  ICRISAT Center i n  the 1982 ra iny  season. 
F i f t y  o f  95 F5 Lines showed % 10% snut sever i t y  and 62 smut f r e e  
heads were selected f o r  f u r t h e r  test ing. 
During suaner 1982, 88 F5 Lines (23 DZB(1) X SR) were 
i d e n t i f i e d  as maintainers on 81 A and these were evaluated i n  the 
1982 ra iny  season. Results o f  smut react ions are summarised i n  
Table 4.5.2. For ty three (49%) o f  88 Lines showed (c 10% smut and 
these are being used as recurrent  parents i n  a backcross program 
w i t h  81 A t o  convert them t o  ms Lines. 
4.5.3. m - ~ f i d n s h d s $ , I I P U i O l f B t B .  Nine smut r e r i s t m t  
Lines were used as p o l l i n a t o r s  on three ms Lines (11lA,SOSbA and 
5141A) and 12 hybrids were produced during the summer 1982 (by 
EST). These hybrids and p o l l i n a t o r s  were evaluated f o r  smut 
react ions i n  the 1982 ra iny season. 
Eight of the nine p o l l i n a t o r s  remained smut-free u h i l e  
one (P-10-S-1-2) developed 25% smut severi ty.  A L L  the hybrids 
showed s u s c e p t i b i l i t y  u i t h  mean smut sever i t y  ranging from 21 t o  
65% compared u i t h  52% on BJ-104 and 79% on ICH-220 (Table 4.5.3). 
A L L  the three ms Lines were h igh ly  susceptible (mean sever i ty  
range 53-84%). The tuo establ ished p o l l i n a t o r s  J-104 and 
ICP-220-2 developed smut sever i t ies of 8  and 45X, respectively. 
The resu l t s  thus ind ica te  resistance t o  smut i s  recessive and 
therefore t o  obta in smut res is tan t  F1 hybrid, both parents should 
have adequate resistance. 
4.5.4. Smgt f g ~ j l t a ~ f  an ;hgf jgs .  Using 13 smut res is tan t  F4 
lines, (derived from crosses between smut res is tan t  Lines) 
selected during the 1981 ra iny season i n  the smut nursery f o r  
h igh smut resistance coupled w i th  good agronomic t r a i t s  a t  
Hissar, 2  synthet ics were const i tu ted (by SBC) i n  the 1981 summer 
a t  ICRISAT Center. These synthetics, ICMS-4 and ICMS-5 were 
evaluated f o r  smut react ions i n  the 1982 ra iny season i n  a  
rep l i ca ted  t r i a l .  Both synthet ics showed high smut resistance 
w i th  mean sever i ty  of < 1% compared w i th  52 and 79% sever i t i es  on 
BJ-104 and ICH-220, respect ive ly  (Table 4.5.4). These a lso  
appeared promising f o r  g ra in  yields. 
4.5.5. gnyf yeqiptgfif gpgegsifg.  A smut res is tan t  cocaposite uae 
c o n s t i t u t e d  us ing 37 smut-Low-susceptible Lines in'1978 (By SCG) 
and i t s  Co progenies (562) were screened i n  the  1980 r b i n y  season 
a t  Hissar. C l  progenies (244) were screened dur ing  t h e  1981 
r a i n y  season a t  Hissar  and C2 (712) a t  ICRISAT Center I n  the  1982 
r a l n y  season. Screening and s e l e c t i n g  progeny Lines f o r  h igh  
l e v e l s  of smut res is tance continued. A Large p r o p o r t i o n  o f  
progenies a t  each generat ion (Co-78%, C1-97X, C2-86%) showed 
adequate Levels o f  smut res is tance e1OX) (Table 4.5.5a). 
From the  C l  progenies n i n e  experimental v a r i e t i e s  were 
produced which had mean smut s e v e r i t i e s  between 4 and 23% and 4 
o f  these showed n o t  more than 10% mean smut s e v e r i t y  (Table 
4.5.5b). These var ie t ies ,  however, d i d  no t  show h igh g r a i n  y i e l d  
p o t e n t i a l .  
Table 4.2. la .  Growth and cul ture charac te r i s t i cs  of Tolyposporim pen ic i l l a r iae  
grown on different  media a t  3 5 ' ~  
Madim T o P o g r a ~ h ~  Colour Margin Consistency 





Carrot ex t rac t  
Carrot pieces 
Carrot agar 
Thin colonies f loa t ing  on 
the surface of the medium 
Raised, f ine ly  ridged 
Thick, f l a t ,  broadly ridged 
appearing l ike  a f r i l l e d  
s tructure 
Raised shiny colonies 
Thin layer covering 
the en t i re  surface of the 
medium 
Raised, f ine ly  ridged 
Shiny colonies, raised i n  





















Table 4.2. lb .  Culture character is t ics  of To1 or r i m  n ic i l l a r iae  
on potato agar a t  five t e l n p e - n b  
Temperature of incubat ion ('c) 
Parameter 
20 2 5 3 0 3 5 4 0 
Mean colony sizea 
(m) 9.7x6.8 10.Ox7.5 11.5x8.6 12.6x9.4 1 . h t l . l  
Type of growth Sporidial Sporidial Sporidial Sporidial Sporidial 
Colour of colony Dull white-Dull uWte- Dull white Dull a t e  Dull white 
white white 
a Mean of 12-88 colonies i n  5 replicatipns. 
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Table 4.2.2b. Effects of inoculation (inoc.) and pol l inat ion (poll.) 
using low-viability @,W) and viable pollen (VP) on 
smut development and sued se t  i n  a pearl  millev male- 
s t e r i  l e  l ine  (5054-A) 
~ r e a t m e n t ~  Smut severi ty  [%lb Seed s e t  (%lb 
Inoc. , no po l l .  81 
Inoc. , pol l .  with VP 2 
Inoc. ,  p o l l .  with LVP 68 
No. inoc. ,  no p o l l .  0 
No. inoc. ,  po l l .  with VP 0 
No inoc. ,  po l l .  with LVP 0 
LSD (PsO.05) 15.3 21.2 
each treatment inoculation was done a t  the  boot-leaf stage 
and pol l inat ion was done a t  the  m i x i m u m  stigmaamergence stage, 
5-8 days a f t e r  inoculation. 
Table 4.2.3a.  Effect of d i f ferent  sources of  To1 os orirrm n i c i l l a r i a e  
inoculum on percent smutted ria* b
s t e r i l e  l ines  and hybrids 
Experiment location and pear l  mi l le t  l i ne  b 
Screenhouse Fie ld  
S t e r i l e  d i s t i l l e d  water 
(check) <1 0 0 0 (1 0 
3-5 day cultureC 7 3 7 4 86 54 -d 68 
15-20 day cultureC 8 0 73 75 39  29 56 
>60 day cultureC 7 1 43 41 - d 
Sporeballs soaked in  water 
f o r  24 hr  35 10 15 18 13 16 
L.S.D. ( ? < 0 . 0 5 )  13.3 12.3 14.5 20.1 5.3 14.7 
a Sporidial  suspens on (ca 1 x 1 0 ~  sporidia/ml) was used t o  inoculate 
t he  t i l l e r s  a t  t he  'boot' s tage.  
Mean of 10-20 inf lorescences / t rea tmnt  . 
Growth a t  6 5  C on potato agar. 
Treatment not included. 
Table 4.2.3b. Effect of flowering stage at  time of inocularion on p r r u n t  
sautted f lorets  i n  a pearl millet hybrid and male-ste#e line 
Expt. location and p e u l  millat m. 
Flowering stage Inoculation Screenhouse expt .b Field rxpt.' 
a t  inoculation method BJ-104 5054-A BJ-104 
Boot leaf Injection 6 3 95 29 
Early stigma-emergence Spray 4 1 55 *1 
Full stigma-emergence Spray 6 30 (1 
Anthesis spray 0 0 0 
L.S.D. (R0.05) 13.9 3.2 9.5 
-- 
a Mean of 10-15 inflorescences per treatment. 
Polythene bags were used t o  cover the inoculated boots. 
C Conducted at  Hissar without sprinkler i r r iga t ion .  
Table 4 . 2 . 3 ~ .  Effect of concentration of To1 os orium m i c i l l a r i a e  
sporidial  suspensions on smut eve opment n two pear 
mi l l e t  hybrids 
+P----r 
Sporidial  conc , a Smutted f l o r e t s  ['I) 
(sporidialml) Field expt. Screenhouse e ~ p t . ~  
BJ-104 ICH-220 
S t e r i l e  d i s t i l l e d  water (check) < 1 
0.7 x l o 5  78 
0.5 x l o 6  7 9 
3 . 2  x 10' 87 
2 . 4  x l o 7  8 7 
L.S.D. (PG.05)  6 . 7  
a Obtained a s  water dilution from 10-day growth on potato agar a t  35 C. 
Mean of 20 inflorescences per treatment. 
Mean of 10 inflorescences per treatment. 
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Table 4.2.3d. Effect  of type of bags on smut development i n  a pearl  mi l l e t  
hybrid and two male-s ter i le  l i n e s  
 on-inoculated check 0 0 0 0 1 0 
Inoculatedc, no bag <1 (1 0 0 3 <1 
Inoculated,  Parchment bag 26 34 2 54 78 79 
Inoculated, Polythene bag 82-  83 73 23 57 11 
L.S.D. (P < 0.05) 10.9 12.9 7.0 13.5 5.5 6.5 
a Mean of 10-15 inflorescences per treatment. 
Conducted during surmner (March) 1980 without spr inklers .  
T. penicillariae spo r id i a l  suspensions (ca 1x10' spmidia/ml) 
from 10-day growth on potato/carrot  agar was used f o r  inocula t ing  
t i l l e r s  a t  t he  boot leaf -s tage .  
Table 4.2.3e. Relative humidity and temperature during the 'period frm 
inoculation to smut assessment, and smut development in 
a pearl millet hybrid and a male-sterile line 
Inoc. to 
disease NO. of 
assessment Average hours Smut severity (\I 
period Temp.C " ICH-220 5054-A Mln. Max. %.. >80% 
Rainyt81 21 Aug.-9 Sep. 20.4 24.5 73.0 87.4 16.2 92a 92b 
Post-rainy 
'81-'82 3 - 22 Feb. 19.8 26.7 52.1 85.5 7.6 l g b  1 7 ~  
a Mean of 40 inflorescences. 
Man of 10 inflorescences. 
Table 4.2.3f. Screening of pearl millet l ines for  smut resistance a t  
ICRISAT Center during the 1981 rainy muan 
Nursery or 
plant aate- NO. of smut sweri t ) l  , ( t )a  q:2r 
r i a l  evalua- entr ies  Mean 
ted RMge inocu- s o l r c t d  lated (9 
PI hybridsb 38 72 10-92 760 0 
Populations b 36 4 6 8-82 720 0 
Local collectionsb 17 23 8-47 340 0 
PMSNC 3 9 4 0-20 1560 11 
1 d  29 4 0-28 1160 9.5 
P3 9.ut Res. h l k s e  43 1 0-22 1720 15 
Susc. Check (IM220) 1 85 80-91 40 0 
a Overall mean and range of entry means based on 20-40 inoculated 
plants per entry. 
Entries from A l l  India Coordinated Millet Improvement Projects (AICMIP). 
Pearl Millet Smut Nursery. 
International Pearl Millet Smut Nursery. 
mt resis tant  F3 l ines developed a t  ICRTSAT-Nlssar sub-center. 
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Table 4.3.1. h m a r y  of the  smut rerc t iansa  of kivmced S.ut gemplum 
select ions  i n  d i f f e ren t  t r i a l s  w d  se lect ions  f r an  Smut 
Resistant C a p o s i t e  
No. ofD No. of e n t r i e s  i n  rut No. o f  
T r i a l  en t r i e s  
scrsened swer i ty( l ; )c lass  p l a n t s  
Screened 0-5 6-10 11-20 >20 se l ec t ed  
Rainy '81 ASS (S4) 499 470 19 9 1 uo [79] 
(94) (4) (2) (<I) 
Rainy '82 198: FMSN 306 259 23 11 13 212 [47] 
Sel (85) (7) (4) (41 
Rainy'82 198; IPMSN 111 101 6 4 0 78 1181 
Sel (91) (5) (4) (0) 
Rainy '82 198; IPMDMN 9 7 1 1 0 0 
Se 1 (78) (11) 111) (0) 
Rainy'82 198; SRC 50 37 5 7 1 8 [ 21 
Se 1 (74) (10) (14) (21 
a ~ e w  of 10 inoculated heads. 
Figures in the parentheses are  p e r c s n t q e  of  ent r ies .  
Lines representing Ex-Bornu, MI, (700713 x SC-2 (M)-3-7-4). P FC 
P l ines ,  314 Ex-Bornu, NO, ICX, WC PSI S S ~  PS, 
IP ,  SDN etc .  
Figures i n  t h e  square bracketfrepmsent the no. of e n t r i e s  se lec ted.  5 ~ - .  S e l e c t i o n ~ ~ s c r e e n s  i n the  1981 rainy s e u o n  a t  ICRISAT Center, 
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Table 4.3.2. Suuy of aut roactionsa of 74 a d  72 entrirs in four 
AIO4IP t r ia l s  at ICRISAT Cmter during 1981 and 1982 
rainy seasons respectively 
No.of entries No.of entries in wverlty.[b) clam 
Tri 81 ---..--------- 
1981 1982 0- 10 11-20 21-50 S O  
1981 1982 1981 1982 1981 1982 1981 1982 
Percentage 
of entries 
'Mean of 10-20 inoculated h o d s .  
* 
Screened without sprinkler irrigation. 
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Table 4 .3 .3 .  Summary of the  smut react ionsa of  109 e n t r i e s  i n  
four  i n i t i a l  smut screening t r i a l s  a t  Hissar  during 
the 1981 rainy season 
No. of No. of e n t r i e s  i n  smut sever i ty  ( 8 )  c l t ~ ~ s  T r i a l  
e n t r i e s  0-10 11-20 21-50 >SO 
IPMAT- 7 2 1 16 3 1 1 
of 10 inoculated heads 
In IPMEN, although there  were 32 e n t r i e s ,  only 20 were screened, 
s o  a l s o  i n  IPMDMN 2 e n t r i e s  were l a t e  and hence not screened. 
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Table 4 .3 .4 .  Sumnary of the smut reactionsa of 39 and 34 
entries in  the Pearl Millet Smut Nursery 
during the 1981 and 1982 rainy seasons 
respectively 
No. of entries i n  severity class 
Smut severity 
(%) class  ICRISAT Center Hissar 
1981 1982 1981 1982 




Table 4.4.2. Summary o f  t h e  progress made i n  developing smut res i s tance  i n  crosses  involving smut 
lo* suscep t ib le  l i n e s  
No. of  p lan t s  No.of l i n e s  i n  smut 
~ e n e ?  Season No. o f  No. o f  
crosses  
screened l i n e s  ------------------- No- Of s e v e r i t y  (%) c l a s s  p l a n t s  ------------------- 
r a t i o n  and year  screened represented Minimmi Total p e r  se lec ted  0-5 6-10 11-20 >20 
per l i n e  generation 
1 N o t  screened - - - - - - 
a ~ 2  and F3 screened a t  Hissar and F4 a t  ICRISAT Center. 
Parents Sut severi ty(%) in K178 
SSC FS 252 0 
EB 137-1-1 <1 
WC FS 148 <1 
EB 24-1 < 1 

Table 4.4.4.  Summary of t h e  smut reac t ions  of 43 smut r e s i s t a n t  F (smut low 
suscep t ib le  x low suscep t ib le )  e n t r i e s  and t h e i r  pa ran t s  
during the  1981 ra iny  season with across  loca t ion  e n t r y  means 
and across  e n t r y  loca t ion  means 
Smut sever i ty (%)  
$1. Entry ----------------- No. at - b a n a  R a g e  ICRISATBmbey 
Hissacenter 
EBS 137-2 x (51623 x WC6-3) 0 0 -  0 0-0 
(EB 137-1-1 x SSC FS 252)-2 0 0 0  0 0-0 
(EBS 137-2 x SSC FS 252)-4 0 0 0  0 0-0 
(EB 117-2-1 x EBS 137-2)-3 0 0 0  0 0-0 
(ExB132-2 S-'75 x 525-1x700797-1-5-2)-2 0 0 - 0 0-0 
ExB132-2 S- ' 7 5 ~  (J25-lxJ1623-21-4) 0 0 -  0 0-0 
ExB237-3-1 S-'76x(J104~700441-6-1-1) 0 0 - 0 0-0 
(EB237-3-1 x 1118)-2-9 0 0 - 0 0-0 
(EB137-1-1 x WC FS 139)-4 (1 0 - (1 0-1 
(IP2253 x EB237-3-1)-1 0 0 (1 <1  0-1 
(J1623xWC6-3)xEB237-3-1 tl  0 0 <1 0-1 
(EB237-3-1 x SSC FS 252)-1 t l  0 - (1 0-1 
(EB 137-1-1 x EB 209-1-6) <1 0 0 <1 0-1 
(EB 137-1-1 x EB 117-2-1)-9 0 0 <1  < l  0-1 
ExB237-3-1 S-g76$282x~804-1-21-2-$ tl  0 1 c l  0-1 
(EB 137-1-1 x SDS FS40)-4 t l  (1 - (1  0-2 
(EBS 137-2 x EB 137-1-1)-1 <I  (1 - <1 0-2 
(ExB132-2 ~-~75xf$25-1~700797-1-5-2)-1 1 <1 - (1 0-2 
(EB 137-1-1 x EB 117-2-1)-3 (1 (1 (1 <1  0-3 
(SDS FS 135xSSC FS 252)-5 (1 t l  1 (1 0-5 
(ExB132-2 S-'75x70-1x700594-5-1)-3 - 0 1 (1 0-5 
(EB 137-1-1 x SSC FS 252)-5 0 0 2  1 0-5 
(EB 137-1-1 x EB 132-2)-5 < I  0 3 1 0-10 
(WC FS 135 x SSC FS 252)-2 <1 2 1 1 0-20 
(EB 137-1-1 x SDS FS 40)-1 1 < l  3 1 0-25 
(EB 137-1-1- x E B  117-2-1)-2 0 <1 5 2 0-20 
(IP 2253 x WC FS 139)-1 (1 0 5 2 0-30 
ExB237-3-1 S- ' 76x(J934-7x700797-19-1-5)-7 1 2 7 3 0-35 
(EB 137-1-1 x WC FS 139)-6 <1 0 10 3 0-40 
(EB 117-2-1 x SDS FS 40)-2-1 2 3 3  3 0-50 
(EB 132-2 x SSC FS 252)-1 <1 1 8 3 0-60 
(IP 2253 x EB 237-3-11-6 <1 0 9 3 0-70 
ExB 132-2 S-'75~(70-1~700s94-5-1)-4 - 3 5  3 0-80 
(EB 137-1-1 x EB 132-21-1 1 1 9  4 0-60 
(EB 237-3-1 x SSC FS 2521-6 <1 8 10 6 0-70 
(EB 117-2-1 x SSC FS 2521-11 9 5 3  6 0-80 
(SDS FS 135 x SSC FS 2521-3 1 <1 17 6 0-85 
(J 1623 x WC6-3)x(IP 22531-3 0 0 19 6 0-90 
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(WC FS 135 x SSC FS 252)-3 1 (1 1s 7 0-85 
(EBS 137-2 x SDS FS 135)-2-5 1 1 18 7 0-90 
ExB237-3-1 S- ' 76x(J104~700441-6-1)-6 15 1 - 8 0-60 
(EB 137-1-1 X SDS FS 135)-1 (1 3 24 9 0-80 
(EB 117-2-1 x WC FS 139)-1 2 22 9 11 0-40 
Location means 1 1 6  2 
T r i a l  check (ICH-220) 36 85 9 . 43 0-98 
Parents 
-
SSC FS 252-S-4 
WC FS 139 
EB 209-1-6 
EB 117-2-1 
SDS FS 40 
%em of 10-40 inoculated heads i n  2 rep l i ca t ions  a t  each location. 
'Yahle 4 . 4 . 5 .  Smut r e s i s t a n t ,  agronomic e l i t e  e n t r i e s  i den t i f i ed  during 
the 1981 ra iny season screening a t  Hissar and ICRISAT Center. 
S 1  1981 
No. Ent. No. Entry smuta Range 
Sev. ( 8 )  
16 367 P-489-S-3-7* 0 0-0 
17 93 SRC 252-1-1' 0 0-0 
18 144 SRC 123-1-1' 0 0-0 
1 9  20 (SSC FS 252 x EB 137-1-1)-20* 1 0-1 
20 15 QVC FS 135 x SSC FS 252:-2-1. 1 0- 5 
(SDS FS 135 x SSC FS 252)-2-I+* 0 
(EB 137-1-1 x WC FS 139)-6-7 0 
(EB 137-1-1 x SDS FS 40)-4-2* 0 
(EB 137-1-1 x SDS FS 40)-4-4' 0 
(EB 137-1-1 x SDS FS 40)-4-7* 1 
** 
(3 1623 x WC 6-3) x (EB 237-3-1)-5-1 0 
( J  1623 x WC 6-3) x (EB 237-3-1)-5-2' 0 
(J 1623 x WC 6-3) x (EB 237-3-1)-5-3* 0 
(3 1623 x WC 6-3) x (EB 237-3-1)-5-6' 1 
( J  1623 x WC 6-3) x (EB 237-3-1)-5-7' 0 
(EB 137-1-1 x SSC FS 252)-1-3* 0 
(EB 137-1-1 x SSC FS 252)-3-6' 0 
(EB 137-1-1 X SSC FS 252)-5-7* 0 
(EB 137-1-1 x EB 117-2-1)-1-4 * 0 
(EB 137-1-1 x EB 117-2-1)-3-I* 0 
S l  1981 
No Ent. No. Ent ry  
snluta 
Sev. (%) Range 
36 234 (EB 137-1-1 x EB 117-2-1)-5-4* 0 0-0 
37 250 (EB 137-1-1 x EB 117-2-1)-9-1' 0 0-0 
38 252 (EB 137-1-1 x EB 117-2-1)-9-3** 0 0-0 
39 6 ExB 132-2 S-'75 x (70-1 x 700594-5-4)-2-1' 0 0-0 
40 7 E x B  132-2 S- '75 x (70-1 x 700594-5-1)-2-F 0 0-0 
4 1 8 ExB 132-2 S-'75 x (70-1 x 700594-5-1)-2-5* < l  0-1 
42 24 ExB 132-2 S-'75 x (70-1 x 700594-5-1)-4-3* 0 0-0 
43 73 ExB 132-2 S-'75 x (525-1 x 700797-1-5-2)-5-5* 1 0-2 
44 81 ExB 132-2 S-'75 x (525-1 x 51623-21-4(P-1)-6* (1 0-2 
45 93 ExB 237-3-1 S- '76 x (B282 x 5804-1-21-2)-1-6* 0 0-0 
46 129 ExB 237-3-1 S-'76 x (5934-7 x 700797-19-1-5) 
-5-2* 0 0-0 
47 131 ExB 237-3-1 S- '76 x (5934-7 x 700797-19-1-5) 
-5-4. 0 0-0 
48 147 (ExB 237-3-1 x 1116)-2-4' 0 0-0 
49 148 (ExB 237-3-1 x 1llB)-2-5' 0 0-0 
50 1 (IP 2253 x WC FS 139)-1 2 6-30 
51 2 (WC FS 135 x SSC PS 252)-2 1 0-20 
52 9 (EB 137-1-1 x SDS FS 40)-4 4 0-80 
53 14 (IP 2253 x EB 237-3-11-1 t 1 0-1 
54 20 (51623 x WC 6-3) x (EB 237-3-1) 0 0-1 
55 24 (EBS 137-2 x (51623 x WC 6-3) _ 13 0-80 
56 25 (ED 137-1-1 X SSC FS 252)-2 0 0-0 
57 26 (EB 137-1-1 x SSC FS 252)-5 1 0-5 
58 32 (EB 137-1-1 x EB 117-2-1)-9 <l  0-1 
59 42 ExB 237-3-1 S-'76 x (5934-7 x 700797-19-1)-5-7 3 0-35 
60 43 (EB 237-3-1 x 1llB)-2-9 2 0-20 
ICH 220 (Check) a t  Center  
ICH 220 (Check) a t  H i s s a r  
,a Mean of 10-20 inoculatedhsads/entry.  
* L. 
Agronomically e l i t e  l i n e s  a t  Hissa r .  
E n t r i e s  50-60 were s e l e c t e d  both a t  ICRISAT Center  and Hissa r .  
Table 4.4.6. Summary of smut react ionsa of smut r e s i s t a n t  F and 
S l ines  i n  th ree  height groups, screaned d u r d g  the 
1382 rainy season a t  ICRISAT Center 
Number of e n t r i e s  i n  smut 
Material No. of sever i ty  c l a s s  ............................... 
en t r ies  25% 6-109 11-20% >20% 
SR tall 487 435 27 20 5 
(89) (6) (4) (1) 
SR dwarf I 17 16 0 1 0 
(94) (0 (6) (0 I 
SR dwarf I1 46 43 2 1 0 
(94) (4) (2) (0) 
Total 1065 971 57 2 7 10 
(912) (5.3) (2.5) (1.0) 
" Based on the mean of 10 inoculated inflorescences/entry. 
Figures i n  parenths es are  t h e  percentage values . 
Table 4 .5 . l a .  Smmary o f  t h e  progress  made i n  increas ing  t h e  l e v e l s  o f  smut r e s i s t a n c e  from F 
to -F4  generat ions i n  c rvsses  involving smut low s u s c e p t i b l e  and agronomically 1 
e l z t e  l i n e s  
P lan ts  screened No.of l i n e s  i n  smut 
~ e n c  Season Lines Crosses - - _ - - - - - - - - - - - - - - - - - - 
screened 
selref!E~-S!,-c!ass--- 
r a t i o n  screened 
sen ted  per 0-5 6-10 11-20 ,213 p e r  l i n e  genera t ion  
1 Rainy '78 50 50 10 500 48 2 0 0 
Rainy ' 79 50 50 20 1000 32 13 4 1 
a ~ l l  genera t ions  were screened at Hissar  except Fg which was screened a t  I C R I S A T  Center.  
b144 smut-free p l a n t s  s e l e c t e d  from 33 F5 l i n e s  represen t ing  7 crosses. 
Parents  
1. Ex8 237-3-1 
2. (8282x5804-1-21-2) 
3. ExB 132-2 
4. (JZ5-1 x 700797-1-5-2) 
5.  (5934-7 x 700797-19-1-5) 
6. (5104 x 700441-6-1) 
7. (70-1 x 700594-5-1) 








Table 4.5.lb. Sumnary o f  t h e  smut react ions of  t h e  crosses between FC-298-3 and smut low 
suscep t ib le  l i n e s  a t  F1, F and F3 generations a t  t i issar  and F4 generation 
a t  ICRISAT Center 2 
-- - 
Plants screened N o .  o f  l ines  i n  smut 
Lines Crosses Gene- Season - - - - - - - - - - - - - - - - - - - - -  sever i ty  (%) c lass  
. . . . . . . . . . . . . . . . . . . .  
r a t i o n  screened screened f~~~~~ Minimum Total per  0-5 6-10 I1-Z0 ,zO 
p e r  l i n e  generation 
F1 Rainy '79 7 7 10 70 6 1 0 0 
F2 Rainy '80 14 6 20 280 8 3 3 0 
F3 Rainy '81 81(9 F2) 5 10 810 71 9 1 0  
F4 Rainy '82 26(8 Fg) 3 5 130a 25 0 1 0 




3. EB 116-1-1-S-7 
4. EB 24-1-S-5 
5 .  WC FS 148-S-1 
6. SSC FS 252-S-4 
7. P-10-S-I 

Table 4 .5 .3 .  Smut react ions  and days t o  boot leaf  s tage  (DTBL) of t he  
12 hybrids,  9 po l l i na to r s  and o t h e r  l i n e s  during the  '82 
rainy season a t  ICRISAT Center 
Smut s e v e r i t y ( 9 ) d  
S1.No. Entry DTBL ----------------.----- 
Rep i Rep 2 Mean Range 
1 l l l A  x NEP 588-5690-S-8-4-1 40 32 10 21 1-75 
2 l l l A  x YEP 588-5690-S-8-4-2 43 19 25 22 1-50 
3 l l l A  x YEP 588-5690-5-8-4-3 43 29 17 23 1-75 
4 5054A x ICI 7517-S-1-1 36 39 40 39 10-75 
5 iO54A x NEP 588-5690-S-8-4-3 33 54 26 40 10-80 
6 5054AxNFPj88-5690-S-8-4-1  40 50 38 44 10-80 
7 5054A x SSC FS 252-S-4-3 33 58 36 47 10-75 
8 5054AxJ797-1-5-3-3  33 65 33 49 10-80 
9 5054A x SSC FS 252-$4-1 33 58 45 51 20-75 
10 5054A x ICI 7517-S-1-2 36 66 57 61 40-75 
11 5054A x P-10-S-1-2 33 79 52 65 30-90 
12 51411 x J 797-1-S-3-3 40 74 56 65 40-85 
Pol l ina tors  
SSC FS 2.52-5-4-1 











24 l l l A  




a ~ a s e d  on 5 inoculated heads / repl ica t ion  i n  hybrids and 5-10 
inocula ted  heads lent ry  i n  po l l i na to r s  and o the r  l i n e s .  
( - )  Data not  avai lable lp lanted  i n  s ing le  rows. 
Table 4.5.4. Smut reactions and days to boot leaf stage (DTBL) of 2 smut 
resistant synthetics during the 1982 rainy season at ICRISAT 
Center 
Smut severity (%) 
Sl.N0. Synthetic DTBL . . . . . . . . . . . . . . . . . . . . . . . . .  
Rep 1 Rep 2 Mean Range 
1 IMS-4 42 1 <1 (1 0-10 
2 1ms-5 37 1 (1 <1 0-20 
3 B,J-104 (check) 34 50 54 52 30-75 
4 ICH-220 (check) 36 88 70 79 25-95 
a~ean of 40 heads in 2 replications. 
Composition 
(1) 106-4-(SSC FS 252xEB 137-1-1)-20 ( 2 )  ImS-5-(SSC FS 252 x EB 137-1-1)-20 
(KC FS 135 x SSC FS 2521-2-1 (WC FS 135 x SSC FS 252)-2-1 
(EB 137-1-1 x WC FS 139)-6-7 (EB 137-1-1 x WC FS 139)-6-7 
(EB 137-1-1 x SDS FS 40)-4-2 (EB 137-1-1 x SDS FS 40)-4-2 
( J  1623 x WC6-3)~EB237-3-11-5-1 (~1623 xWC6-3)xEB237-3-1)-5-1 
(EB 137-1-1 x SSC FS 252)-1-3 (EB 137-1-1 x EB 117-2-1)-9-3 
(EB 137-1-1 x SSC FS 252)-5-7 (ExB132-2 S-75~(70-1x700594-5-1)2- 
(EB 137-1-1 x EB 117-2-1)-9-3 (ExB132-2 S-75x (~25-1x700797-1-5-$ 
-1-6 
(ExB132-2 S75~(70-1x700594-5-1)-2-1 (ExB237-3-1 S76x(B282xJ804-1-21-2) 
(ExB132-2 S75x(J25-1x700797-1-5-2)-1-6 -1-6 
(ExB237-3-1 S76~(B282~J804-1-21-2)-1-6 (ExB237-3-1 S76x(J934-7x700797-19. 
(ExB237-3-1 S76x(J934-7x700797-19-1-5)-5-2 1-5)-5-2 . 
Tab10 4.S.lr. 8 . w ~  of the rut reaction& of &t noststant Caqolite 
(W) prqr ier  rcrooned during 1980 ud 1981 rainy #war 
at Hirrar md 1982 rainy muoa at ICRIUT Cnter 
No. of progenies h mt 
CQlPOIite No. of 8werIty (b) clur 0-.-........ ..*...........-. 
~mrraior 
a k u d  on the wan of 10 inoculated hedr i n  1980 md 5 inoculated 
h& h 1981 md 1982. 
Piwm 1R the pnnthrrer m the prerntye of rntrirr in e.ck 
soverity c l u r  a 
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Table 4.50%. *t rmctions and days te boat lad r t y  W L )  of 9 
SRC oxpori.artr1 v u i e t i e s  &ring the 1982 rainy souon 
at ICRISAT Carter 
S u t  severity (4) 
81.N0. btv --L-------------------------- 











%om of 5 inoculated he&. 
Screening f o r  m u l t i p l e  disease resistance (douny mildew, ergot  and 
smut) was i n i t i a t e d  i n  summer 1982 and by t he  1982 ra iny  season more 
than 1100 e n t r i e s  were screened. Downy mildew and smut res is tance 
seem t o  be adequate i n  many e n t r i e s  wh i l e  most e n t i r e s  were h i g h l y  
suscept ib le  t o  ergot. Only ICRISAT Centerdeveloped e igo t  r e s i s t a n t  
Lines showed h igh Levels of resistance t o  downy mildew, ergot, smut 
and a l s o  t o  r u s t  i n  two seasons o f  screening. 
Screening pea r l  m i l l e t  germplasm Lines and breeding ma te r i a l s  
s imultaneously f o r  resistance t o  downy mildew (DM), ergot, smut and 
r u s t  ( na tu ra l  i n f e c t i o n )  was i n i t i a t e d  du r i ng  the  sumwr 1982. The 
methodology invo lved space p l a n t i n g  (20 cm between p l a n t s  on 75 cm 
rows) o f  t e s t  Lines i n  the DM-nursery which already had DM i n f e c t o r  
rows wel l -establ ished. DM scores were taken 30 days a f t e r  emergence 
(DAE) and the  f i n a l  scores a t  45 DAE. I n  se lec ted DM-free p lan ts  one 
t i l l e r  was inocu la ted w i t h  ergot and the  second t i l l e r  o f  t he  same 
p l a n t  w i t h  smut. Observations f o r  ergot and smut s e v e r i t i e s  were 
recorded 20 days a f t e r  i nocu la t i on  and se l f ed  seed o f  p l a n t s  r e s i s t a n t  
t o  a l l  t h ree  diseases were col lected. 
Dur ing the summer 1982, 303 entr ies,  cons i s t i ng  o f  germplasm 
Lines from Togo (178 $11, Ex Bornu (45 S1) and e n t r i e s  from IPMDMN, 
IPMEN, IPMSN and IPMRN were screened. Smut i nocu la t i ons  were no t  
successful  because o f  hot-dry weather dur ing  March-Apri l  b u t  
observat ions  were recorded f o r  DM, ergot, and n a t u r a l  r us t  incidence. 
Among t h e  germplasm Lines on l y  17% o f  Togo l i n e s  and 22% o f  Ex-Bornu 
showed <lo% ergot  seve r i t y  wh i le  most e n t r i e s  (94-100%) were r e s i s t a n t  
t o  DM and rus t .  Again among the Disease Nursery e n t r i e s  except f o r  
IPeKN e n t r i e s  which had 85%, 100% and 100% o f  e n t r i e s  showing 
resistance t o  DM, ergot and rust, respect ive ly  o ther  nurser ies had 
very few e n t r i e s  showing ergot  resistance (Table 5.1).: 
During the 1982 ra iny  season 832 e n t r i e s  i nc lud ing  AICMIP 
t r i a l  entries, Ghana germplasm llnes, ICRISAT breeding Lines and 
Disease Nursery e n t r i e s  (IPMDRN, IPMN and IPMN) wart  evaluated. DM 
and smut resistances were q u i t e  w idaspred i n  these l i n e s  but erBot 
res is tance was ra re  except f o r  the IPMEN e n t r i e s  which had combined 
resistance f o r  DM and smut a lso  (Table 5.2). Ergot, mut, DM and r u s t  
reac t ions  o f  some o f  the ergot resistance e n t r i e s  i n  two years (1981 
and 1982) are presented i n  Table 5.3. 
The r e s u l t s  o f  the  two seasons o f  m u l t i p l e  disease screening 
i n d i c a t e  t ha t  because ergot  resistance i s  most d i f f i c u l t  t o  f i n d  end 
s t a b i l i s e  the  strongest se lec t i on  pressure should operate f o r  ergot 
resistance f i r s t  when t h i s  i s  required, and then f o r  other diseases. 
The authors are g r a t e f u l  t o  Mr. D.J. Andrws, Leader, Pear l  
M i l l e t  Improvement Program, f o r  c r i t i c a l l y  going through the repor t  
and o f f e r i n g  usefu l  suggestions, and t o  Mr. N.K. Grnlpathy f o r  h i s  
e f f o r t s  i n  t yp ing  t h i s  report .  
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Table 5.1.Swmla1-y of t he  r e s u l t s  of screening pea r l  m i l l e t  l i n e s  
for  multiple d isease  r e s i s t ance  a t  ICRISAT Center during 
the  1982 summer season (January-April) 
No. of Percentage of en t r i e s  r e s i s t a n t  t o  
Material  en t r i e s  '6R 1nc.a Ergot Sev.b !hut Sev.c 
IPMRN 10 70 20 100 
IPMEN 20 85 100 100 
IPMSN 2 0 85 30 9 5 
ExBornu (S1) 4 5 100 2 2 100 
Tog0 (sl)  178 94 17 99 
aBased on t o t a l  and infected p lant  obs. i n  2 r ep l i ca t ions  
2 rows/entry/rep.  
Based on mean o f  40 inoculated heads in  two r ep l i ca t ions .  
Based on mean of two r ep l i ca t ions ,  2 rows/entry/rep. 
Table 5.2. Sunnnary of resul ts  of screening pearl millet ilines for multiple 
disease resistance a t  ICRISAT Center during the 1982 rainy season 
No. of PercentageoFentries resis tant  t o  
Material entr ies  DM. ~nc! ~ r g o t b  %utc 
(a 0%) (210%) ( t l O t )  
AICMIP : 
-
IPMHT- I . 2 1 62 0 14 
A M - I 1  19 74 0 21 
IPMPT-IV 15 33 0 60 
APMPT- V 17 64 0 3 5 
Male S te r i l e  lines 106 53 1 35 
Others 18 50 0 44 
Cemplasm lines: 
Ghana 123 96 2 94 
ICRISAT Breeding Trials 
PNST 2 5 
PMHT 25 
l'h@i'r (PI 25 
DSC Bulks 16 
APVT 24 
MDI 247 
FS 'Progenies (BxERL) 49 
PATHOLOGY TRIALS 
&Based on to ta l  and number of infected plants far each entry 
b ~ e a n  of 10-20 bagged-inoculated heads, 
CMean of 5-20 inoculated-bagged heads of same plants inoculated ear l ier  
with erpot. Since inoculations were W e  i n  the l a t e r  part of the 
d ry  season smut d e v e l o p n t  was not adequate on tos t  entr ies  
(-) not inoculated, 
Table 5.3. Ergot ,  smut, downy mildew (DM), and r u s t  r eac t ions  of some 
of t h e  ergot  r e s i s t a n t  e n t r i e s  during 1981 r a i n y  (R) and 
1982 Summer (S) and r a i n y  seasons a t  ICRISAT Center 
Ergot sev. (%) Smut sev. (0) DM i n c .  (I) Rust sev.(%) 
~ntr)'~ 1981b 1 9 8 2 ~  1981b 1982d 1981C 1 9 8 2 ~  1982d 
R S R R  .R R S R T  
ICMPE 134-6-25 t 1  O t 1  0 0 0 0 0  0 
ICMPE 134-6-41 t1 t1 (1 0  0 0 1 0  0 
ICMPE 134-6-9 t l  1 0 0 0 1 0  0 
ICMPE134-6-11 t 1  0 <I 0  0 0 0 5  0 
ICMPE 140-3 I t 1 3 0  0 0 0 0  0 
ICMPE 13-6-27 5 0 0 0  0 0 0 2 0 
M-104 (Check) 83 67 94 54 48 32 5 51 4 0 
WC-C75(Check) 74 - 66 3 2 2 - 5 
a ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~  Mil let  Pathology Ergot, derived from crosses  J2238xJ2210-2 and 
J606-2x52238. 
b Based on 40 inoculated heads from two r e p l i c a t i o n s ,  both ergot  and smut 
inocu la t ions  were made on t i l l e r s  of the  same p lan t .  
CBased on DM reac t ions  during the 1980/81 post-rainy season i n  ICRISAT Center 
DM nurse ry .  
d ~ c r e e n i n g  done i n  mult iple  d i sease  nursery. 
- d a t a  no t  recorded/entry not included- 
